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I INTRODUCTION

This report presents the initial findings of a study of junior high

school students underachieving in mathematics. This study resulted from a,

Conference on Mathematics Education for Below Average Achievers sponsored by

MSG in Chicago, Illinois, on April 10 and 11, 1964, with financial support

from the Cooperative Research Branch of tlie U. S. Office of Education.

Position papers were presented for discussion at the conference, and the

participants were asked to react to the papers and to the discussions.

The participants then met in four groups, each devoted to a particular area

of concern. These areas were:

Schools in the slum areas of the great cities;

Segregated Negro schools;

Mathematic for the unemployed;

Mathematics programs for students of low ability.

Recommendations of the four_groups were discussed at a plenary session,

circulated to all participants for comments, and incorporated in the pub-

lished report of the conference.
1

An ad hoc SMSG committee met in May of 1964 to review the recommendation

from the conference. This committee urged SMSG to undertake certain specific

activities, one of which was the preparation of experimental materials:

*For junior high school students (and perhaps
others): Materials which relieve the students
from the burdens of computation as mmch as
possible, by providing slide rules, books of
tables, pocket computers, etc."

The reason for this recommendation was the conjecture that many under-

achieving junior high school students had experienced failure in elementary

school mathematics, had been forced to do extensive drill in computation,

had continued to fail, and that continued failure had led to intense dislike

and even fear of computation, and in turn, to an expectation of continued

failure.

1. School Mathematics Study Group, Conference on Mathematics Education
for Below Average Achievers, Stanford, 1964.
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II EXPLORATORY STUDY
_

As a first step) an exploratory study was conducted during the

1965-66 academic year. The cooperation of a school district in Santa Clara

County) California) vas obtained to permit this investigator to teach a

class of selected seventh grade students. This class vas located in a

community which might be classified as a "bedroom" area) with most residents

of middle or low-middle éocio-economic status.

III PUPIL SELECTION

For purposes of seventh grade homogeneous grouping) this district) in

the spring of each year) administers the California Achievement'Tests,'in

reading ard arithmetic) to all sixth grade pupils. The results 'of these

tests were used as a preliminary screening instrument for'the selection of

pupils for the proposed class.

In selecting pupils for this class, an atteMpt was made to eliminate

any pupil whose record indicated obvious sodial or psychological problems)

chronic absenteeism or truancy) Or who coUld present a discipline problem.

In addition) it was felt desirable that these pupils be of average inteliigence

and be working at grade level in all subjects but mathematics, in whickcase

they were to be one year or more below grade level.

Interviews were obtained with the principals of'the four feeder

elementary schools and, when necessary, with'the sixth grade teachers.

Cumulation folders were also inspected. AB a resuat of this' investigation,

from an original list of fifty-one, possible,candidates,,tyenty-one pupils

were selected and programmed into.this special class for the school year

1965-66.

TABLE 1

CALIFORNIA ACHIEVEMENT TEST

March, 1965.- Actual.Grade-Placement, 6.6

Mean Grade Placement

Arithmetic Reasoning 5.56 1.8

Arithmetic Fundamentals 5.67 2.2
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Table 1 shows the mean grade placement of the pupils selected for the

special class to be about one year below grade level in both arithmetic

reasoning and in arithmetic fundamentals.

I.Q. scores were taken from the pupils' cumulation folders. In most

cases, I.Q. scores were determined by the California Test of Mental Maturity.

Mean I.Q. was 100, with a range Of 55.

IV PUPIL BEHAVIOR MID ATTITUDES

Initially, certain behavior and attitude patterns were observed which

mere characteristic of the pupils. Generally:

a. There was a severe lack of organization in their approach to

learning.

la: They appeared to be immature when compared to other seventh grade,

pupils.

c. Their attentionspan was exceptionally short.

d. Their interest span was exceptionally short.

e. Negative attitudes existed toward mathematics, and in same cases,

toward school in general.

f. Pupils exhibited a defeatist attitude with regard_to their ability

tO succeed inaathematics.

PARENT CONFERENCES,

Jonferences were held with the parents of nineteen of the twenty-one

pupils (the parents of two of the pupils were never able to attend). Results

of these parent conferences revealed the following:

a. Parents were unaware their child was below grade level, but all

realized their child was having difficulty in tathematics.

b. There was a tendency to blame some particular grade teacher for

------ their ohild's deficiency.

c. Parents indicated the end of the third grade or the beginning of

the fourth grade as the point where most of the difficulty began.

Iftch of the trouble appeared to have started with the multiplica-

tion tables and was then compounded by the child's inability to

do division.
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Remedial work with all of these pupils seemed to have been based on

drill. There was no indication that any alternative processes to any of

the standard algorisms were used.

VI PROGRAM DEVELOPMENT

At its conception, it was agreed that the approach to the development

of this program would be a pragmatic one, in that the program would result

from the investigator's daily experiences with tilts exploratory class.

Rather than predetermining the mathematical content necessary for these

pupils and then constructing a sequential program and materials accordingly,

various concepts and processes would be presented daily, and, if successfUll

pursued as far as the capabilities of the pupils allowed. On, the other

hand, if the presentation of a concept of process should paove to be beyond

the students' capabilities or did not aPpear to be the best approach, it

would be either discarded completely or delayed until a later date. This

technique was used in the development of most of the materials Which were

'used in the study.

The ,regular syllabus for seventh grade mathematics in the school

dictated the mathematical topics to be attempted, and a series of units was

developed and tried out during the year.

Underlying the instruction was the primary objective that these pupils

have successful computational experiences. Various tables were issued and

pupils were urged to use them. With the exception of standardized-testing,

students were allowed to use their notes and tables under all conditions.

Originally, it was the intent that computational devices other than

tables be introduced into the classroom. But, as the program progressed,

and it became_apparent that learning was taking place it was this investi-

gator's decision not to include these other devices.



A. Posttest

1965

TABLE 2

CALIFORNIA ACHIEVEMENT TEST

March; 1966. Actual Grade Placement, 7.6

range 1966 range GAIN

A. R. 5.56 2.1 8.15 4.0 2.59

A. F. 5.67

_

1.9 7.02

_

1.8 1.35

Table 2 shOws the arithmetic grade placement scores on the.pretests

which were given to the students in March, prior to the exploratorY period;

and on the posttest Which was administered one year later. The groUp Means

show that approximately 2.6 years were gained in Arithmetic Reasoning and

1,4 years in Arithmetic Fundamentals. In relation to their actual grade

placement, the class mean in Arithmetic Reasoning was apProximately 0.6 year

above grade leVel and in Arithmetic Fundamentals; now only about 0.6 Year

below grade'level.

B. 1966-67

,This investigator continued teaching this class, now-in grade eight;

during the 1966-61 academic year.

The original class consisted of twenty-one pupils. During the summer

of 1966, three pt'lpils moved 4tam the district. A fourth pupil was removed

from the class and placed in special classes. For reasons of scheduling;

three additional pupils were placed in the class. These pupils were not

included in any testing.

C. Procedures

Itocedures during the better part of'the second year'of this study-

followed closely those described as being employed dUring the first year.

When possible, introduction of any topic includea the reteaching and re-

enforcement of those concepts and processes introduced'the pre/ious year.

By March of 1967, those topics in junior high school mathematics

normally covered by this date had been covered by this class.

5
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D. Posttest - 1967

TABLE 3

CALIFORNIA ACHIEVEMENT TEST

4. March, 1y67: Actual Gride Placeifent,

r

, -

1. -, ,

1965 1966 GAIN 1967 GAIN GAM ( 2--years),

I

A. R. 5.7
-

8.5 2.6 9.5 1.2 3.8

A. F. 5.6- -7.1- 1.5 8.8 1.7

.

Table 3 shows the grade placement means over the twn-yeartesting

period.? The group means shnw that for the second,year of the studY,,1.2

years were gained in Arithmetic Reasoning, for an overall gain of,3.8 years.

In Arithmetic Fundamentals,* gain for the second year was,1.7 years, for an

overall gain of 3.2 years. In relation to the pupils actual grade place-'

ment, the class mean in Arithmetic Reasoning shows them to be 0.9 year above

grade level, and in Arithmetic Fundamentals, 0.2 year above grade level.

It is interesting to note that the greatest gain in_Arithmetic Reasoning

took place the first year, with a tendency to level off the second year. On

the other hand, Arithmetic Fundamentals show a consistent gain; with a

tendency to increase fram_one year to the next.

E. Main Stuay - 1966-67

The encouraging results of the piiot study in the ,1965-66 academic-year

led to a decision to try the material and. methods developed during that year

with a larger number of classes. Ten school in the area south of San Fran-

cisco agreed to contribute one experimental seventh grade class each,

2. The discrepancy,between the entry in-Table 2 under Gain in-Arithmetic

Fundamentals and that entered in Thble 3 is accounted for by the four

students no longer-in the study. In Computing the means,-Table 2

'indludes these pupils;".Table 3 does not.
.

_

_

3. A list-of the participating school districts, junior high schools,

and teachers appears in Appendix 1 on page 25.

6
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and five
4 others allowed a seventh grade class, designated as a control class,

to be tested at the beginning and end of the school year.

F. Description of the Schools'

The schools participating in this seventh grade pilot study were chosen

on the basis of consistency in socio-economic setting and, for the purpose

of seventh grade placement, consistency in testing procedures.

The ten participating schools are located in communities that can be

classified as bedroom, areas" of middle to low-middle class. There do exist,

within these areas, pockets of both low and high-middle class neighborhoods.

There are no areas that can be classified as slums. Selection of these

particular schools.eliminated any problem:which might stem frai the bi-

lingual student.

In nine of these schoolS, the California Achievement TeSt, in both

reading and arithmetic, is administered,to all sixth grade pupils in the

spring of each year. _Theresults of these tests ate then used 'by the junior

high school counselor for placement of students in the seventh grade. In

the one exception, testing takes place in the spring of the fifth grade.

From-these placement tests, this investigator compiled the initial list

of possible students-to participate in the pilot study.

G. Description of the PuPil - Pilot Classes

The criteria for selection of pupils for the pilot classes were the

same as those used in the exploratory study.
5 EVery effort was made to

eliminate any pupil with 4 behavioral problem.

'Interviews were obtained with the elementary school principal, and if ,

necessary, with the pupil's sixth grade teacher. Cumulation folders were

also inspected. Those pupils who deviated greatly from the selection

criteria were eliminated fran the study.

-

Eight of the participating schools reported results of the CAT'Arithmetic

Tests in terms of grade placement in Total Arithmetic. Two schools reported

,

results in percentile ranking.

4. 'Originally, there were seven control classes, but it proved impossible

to test two of then in the spring.

5. See page 2 of this report.



assorsmieremearollegillINOMUM

It was found that, of the 261 pupils participating initially in the

pilot study:

a. Eight classes (204 pupils) 'had a mean Total Arithmetic

grade placement 1.0 year below grade level.

b. One class (27 pupils) had a mean Total Arithmetic score

which placed them in the twentieth percentile.

c. One class (30 pupils) had a Total Arithmetic score which

placed them in the forty-fifth percentile.

H. Selection of the Teacher - Pilot Classes

Selection of the teachers for the pilot classes was based on the

following criteria:

a. Three to six years teaching experience, preferably, but not

necessarily, in mathematics.

b. An ability to identify with the underachieving pupil without

being overly sentimental.

c. A willingness to experiment with, and employ, methods of curriculum

and instruction that might deviate radically from the accepted

structural presentation of seventh grade mathematics.

d. A willingness to attend in-service seminars, complete required

reports, and be observed in the classroam under teaching conditions.

e. An undergraduate major and minor in areas other than mathematics.

Principals of the ten participating schools were interviewed with

regard to staff members that would meet, as closely as possible, the selection

criteria. Ehch principal recommended one teacher he felt fit the criteria.

The philosophy, structure, goals, and requirements of the program were

explained by this investigator and the decision whether to participate or

not left to the discretion of the teacher. In each case, the recommended

teacher was willing to-participate in the program.

I. Teacher Background - Pilot Classes

Background information on the participating teachers was obtained.

Although there was a wide range in many of the categories of teacher back-

ground, the following are the central tendendies in,sote of the more'

pertinent areas.'

8
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Most of the teachers had been teaching six years, with a B.A. as their

highest degree. They had acquired in this time in excess of 30 academic

credits beyond the B.A. most had taken no credits in college mathematics

at the level of calculus or beyond, but had taken 4 to 6 credits in methods

of teaching mathematics. All of them had involved themselves in other types

of preparation in mathematics.

Only one teacher held an administrative credential. None were working

tcvard an administrative credential, held a counseling credential, or were

working toward a counseling credential.

Undergraduate majors are as followi:

a. Five in Elementary Education

b. Three in Social Science

c. One in Physical Education

d. One in Art

Undergraduate minors are as follows:

a. Three in English

b. Three in Science

c. Two in Social Science

d. One in Business

e. One in Physical Education

J. Control Classes

The pupils and teachers who acted as control classes for this study

could not be chosen as selectively as those in the pilot study. This condi-

tion was due to the volunteer basis under which the control classes, and

their teachers, participated in the study.

Seven classes, in schools different fran those containing the pilot

classes, volunteered to act as control for this study. Selection criteria;

for both pupil and teacher, were explained and the choice left to the

discretion'of the-School's counselor.

K. In-Service Seminars

During the summer of 1966, teachers of the pilot classes were provided

with the SMSG, Introduction to Secondary School Mathematics, Voluies 1 and 2,

9



and the accompaving commentaries. In addition, Studies In Mathematics,

"Volume IX, A Brief Course in Mathematics for Elementary School Teachers,

was supplied each teacher. These volumes were to be used for reference

concerning any of the topics contained in the student material.

At the beginning of the school year, seminars with the teachers of the

pilot classes were conducted at two week intervals. As the program pro-

gressed, and problems involving distribution of material, classroom procedures,

and other administrative details were alleviated, meetings were then limited

to once a month. Between such meetings, this experimenter contacted each

pilot teacher and acted in an advisory capacity. Nb contact was made with

the teachers of the control classes.

Discussions during these seminars centered on methods of presentation

of various sUbject matter topics and the problems encountered by individual

teachers.

I. Description of the Material

During the summer of 1966, the work sheets used in the-exploratory

study were revised and extended. A total of 22 units were prepared.

Development of these units was based primarily on :tfiose successful experiences

encountered by the experimenter while teaching the exploratory class.

To a limited degree, each unit was developed to be independent of any

other unit. It was found that with the short attention span of these pupils,

greater participation would result if any one topic was not dwelt upon for

any great length of time. Constructing the units in this manner would ihen

allow the teacher greater flexibility in selecting topics that were of

interest to the pupils.

l'ach unit consists Of a number of daily work sheets.
6

The lessons On

these work sheets were constructed to be short and complete within them-

selves, with many examples for the pupil to follow. .If, because of the

nature of the topic, a lesson required a more lengthy explanationl, the lesson

was then partially programmed. With the attention span of these pupils being

as short as it ws, this approach put the pupil quickly to work, allowed

ample time for supervised study, and required little or no,hamework.

6. 'Sample work sheets mayebe found in Appendix 2.
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The work sheets weae banded out daily and contained ample space to do

any of the required work. Work sheets were placed in a binder which, in

most cases, was kept in the classroam. There were two factors that prompted

this approach. First, because of these pupils' apparent lack of organization,

a text book became a handicap to them. Simply keeping track of its pbysical

location appeared to be beyond the capabilities of most of the pupils.

Secondly, this approach seemed to produce the more positive effect of having

the pupils consider what they had accomplished, rather than projeating what

they had yet to do.

In the content of these units, little reference is made to any practical

application or social utilization of mathematics. It had appeared to this

investigator in the pilot study that the pupils were more highly motivated

by successful performance and by the ability to see mathematical relation-

ships fall into patterns than by being able to apply that mathematics they

were learning to some practical situation.

M. Pupil Testing ltogrmn

A battery of tests was administered at-the start of the school year to

students in both pilot and control classes. The classroom teacher administered

the tests.

Stanford Achievement Test72 Intermediate II, form. W, using Test 12

Arithmetic Computation, and Test 3, Arithmetic Applications, was used as

the standardized pretest. In addition, SMSG constructed tests on attitude

(Cpinion Inventory, form SC) and achievement (Mathematics Inventory, form SC)

were administered.
8

The following information was also gathered: sex, I.Q. of each student,

the number of days absent during the school year, and a reading score

(experimental students only). The number of units covered in each class

was also recorded.

Brief evaluations and comments were requested from the ten experimental

teachers and obtained fran them. These appear in Appendix 3.

7. The entries in all tables under Stanford Achievement Test are reported
in terms of grade placement. All entries in the SMSG tables are raw
scores.

8. These tests, wtich are described in Appendix-4, will be reproduced in
an SMSG technical report early in 1968.
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For posttesting purposes, Stanford Achievement Test, Intermediate

form X, was administered at the end of April. At the end of May, the SMSG

tests were re-administered.

VII ANALYSIS OF THE 1966-67 DATA

Statistics on tlie fall tests are shown in Appendix 5 for each of the ten

experimental classes and five control classes. Inspeation of these tables

does not indicate any major differences between classes. Tecause of the

small nudber of classes involved, all the students in the experimental

classes were pooled into one group and those in the control classes into a

second group for all the statistical analyses which follaw.

Mean scores for these two groups on the initial measures aIpear in

Appendix 6. The mean number of units covered during the year and the mean

number of days absent are adso recorded.
_

None of the differences between the two groupd were significant at the'

.05 level except for ATT 3 and units covered, for both of which the dif-

ference is significant at :the .01 level. The calculations are shawn in

Appendix 7.

A. Gains on the Stanford Achievement Test Scales

Table 4 shaws the Mead scores for both groups for the spring and the

fall administration of the two SAT scales.

12
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TABLE 4

FAIL :Ailb SPRING SCORES SAT SCALES 9

Experimental,Group

Fall H .-Spring

Mean S. D.
I

Mean

,

S. ...J. Gain
-

Comp. 46.11 10.18 58.07 13.54 11.96

A.01. 53.82 13.27 58.99 13.41 5.17

Control GroUp

Fall 1 Spring

Mean S. D. Mean S. D. Gain

_ Comp. _46.49_ 9.83 63.87 -13.66--

,

17.38

- Apia. 54.63 11:73 r 61.92 13-.77 '7:29--

It will be observed that both groups made sUbstantial gains on,both

scales, with the control group making greater gains than the experimental

group.

It was surmised that the posttest scores would depend not only on the

pretest scores but also on I.Q., the number of days absent, and the number

of).2nits covered, und hence that it wouldbe appropriate,to_adjust the

posttest scores for differences in the pretest scores. Analysith of co-
-

variance was therefore attempted. For this, regresSion equations of the_

posttest scores were computed for the'two grimps separatery for:bOth the

'
,

9. In writing the computational program for the analysis of the data, the
SAT-sCale scores-were multiplied by 10. Recall that these scores

indicat&grade, placement.
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Computation and Application scales. For both scales the regression planes

turned out to be significantly*non-parallell at the .01 level for Computation

and at the .05 level_ for Application. The_caicylations are shown in

Appendix 8. This meant, of course, that analysis of covariance was not

appropriate. More important, it meant that-the experimental and control

programs were significantly different and that the amount of learning in

one program depended on the_initial conditions ift a different way from that

in the:other program.

B. Gains on the SMSG Scales,

Table 5 shows the mean scores,lor both,groupb, for'the spring and the

fall administrations of the five SMSG scalei.

TABLE 5

FALL AND SPRING SCORES - SMSG SCALES

EXpetimental Group,

Fall Spring

lilfmn

...

S. D. Me an, ,S. D. Gain

SMSG - 1 2.07_

3440

1.58

1.81---

3.13

-4.42

1.55

191

.1.06

-1,02'
SMSG - 2

SMSG - 3 1.71 1.32 2. 1. o.68

SMSG - 4 3.60 1.76 5.08 2.10 1.48

SMSG - 5 0.73 o.84 1.03 0.93 0.30
...

COntrol droup

.

Fall Spring

Mean S. . Mean S. D;

SMSG - 1 2.28 1.49 2.35 1.70 0.07

SMSG - 2 3.40 2.05 3.83 2.28 0.43

SMSG - 3 1.75 1.41 2.67 1.89- 0.42

StOG - it 1 -.56 1.70 4.81 2,47 :1:25

o. 8
SMSG . 5 0.71 o.85 1.0 0. .



_

In all but one case, there were substantial gaine frai fall to epring

for both groups. ,Analysis pf covariance,was again attempted in order to

compare the gains of the two groups. Regressions of the posttest scores

on the pretest scores and on I.Q., Units Coveredl.and Days Absent were

camputed. In no case did the regression planes for the two groups sig-

nificantly differ from parallelism. .Analysis of covariance was therefore

carried out and indicated that the experimental groups had a significantly

greater,(p < gaih on_scales 1, 21;and 4. ,TheAifferencesonscales

3 and 5 were,not significant. Table 6 shaws the adjusted means for the twt)

-groups.7-The-computations are shown in Appendix 9.

TABLE 6

-ADJUSTED MEANS - SMSG SCALES

Ekperimpntal Control

SMSG - 3.22 2.13

MSG,- 2 4.55 3.53

SMEG-3 2.53 2.37

.SMSC4J-,4 5.20 .

:8MSG-5 1.08 0.98

15
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C. ,Changes on the Attitude Scales

Table 7 shows the-mean scores, for both groups, for'the sprinKand fall

administrations of the attitude-scales.

TABLE 7

FALL AND SPRING- ATTITUDE SCALE SCORES

Experimental uraup

Change tl°

uoircrol,uroup

'Fall Spring' ChangFall Spring'

ANT 1 20.39 20.37 .0.02 .0.04 19.91 20.73 0.82 1.11

ANT 2 13.17 14.07 0.90 2.55*, 13.09 23.19 0.10 '0.17

ATT 3 33.56 33.72 0.16 0.45 31.76 32.47 0.71

1.47

0.68

1.52ANT 4 24.68 27.78 3.10 5.73!* 24.31 25.78

ATT 5 35.51 30.22 .5.29 .8.49". 34.48 31.18 .3. 30 - -3.25**

ATT 6 24.77 24.51 -0.26 -0.52 24.68 24.78- 0.16 0.13

-2.3eATT 7 29.79 26.99 .2.80 .4.68 28.99 -26.714.- ..2.125-

ATT 8 27.85 31.64 3.79
**

6.51 2853 29.13 '0.60 0.40

The larger number of significant changes for the experimental group

is another indication that the experimental program does in fact differ,

in its effects on students, fram the standard program for law achieving

seventh grade students.

10. Two tailed t for correlated data.

*Significant at the .05 level.

*
4Significant at the .01 level.
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D. Reading

Since reeding ability is one of the factors-Often taken into account

in assigning students to ability groups or srecial prograMs in mathematics)

and since.reading scores had been obtained for,the experimental students in

this study, an analysis of the relationship of reading ability to tathematica

achievement was_undertaken.

For each'of'the five scales) SAT ComPutation, SAT ApplicatiOn, SMSG-10.

SMSG-2, 'and smsd-4, 'the /egression of the peatteat score onall the Pretest

measUres.and Oh Units Covered and Days Absent wa6 Computed-by means of'a

stepwise procedure. This procedure firat selects that independent variable-

which ,bept predicts the posttest score in the sense of accounting for the

largest part of the variance of the posttest score. ,The procedure next

selects that one of the remaining independent Variables which accounts for

the largest partof the remaining variance after the effect of the_firat

independent variable has been partialled,out, and.so on)until,none_of the

remaining variables accounts for any significant amount of the remaining

variances.

The results are ,shown in Appendix 10) wtdch summarizes) for each of the

five posttest scales, the order in which the dependent variables were chosen'

and) in column 5) the additional amount of variance accounted for at each

step.

These summaries.indicate that, when other variables are taken into

account, reading accounts for a relatively small-part of the tOtal*variance.

VIII DISCUSSION

Appendix 6 shows the mean grade rlacement of the pupils in the Experimen-

tal group to be 2,5 years below grade level in ComPutation and 1.7 years below

grade level in Applications. These are substantially lower means than one

would raedict considering that the CAT tests) admtaistered the Previous

spring, showed these purdls to be 1.0 years below:grade level in Total

Arithmetic.

In that the CAT tests, were_administered in the spring, whereas the SAT

tests were administered the following September) regression over the amiaor

could account for sone of this difference: "Alto, the two *ests may test

different aptitudes:

From the viewpoint of the teacher though, the SAT tests came closer to

indicating the actual mathematical performance level of the pupils in the
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Experimental group. That is, the teachers felt that initially, the PUpils

in the Experimental group had. mathematical skills c aser to those .expected

of _a fourth grade pupil..

It appears then, that teacher interpretation-Of staridardiZed test Scores

can be an important factor When woriing with underachieVing tf, on

standardized tests, discrepancies do exist that are as great as is iiidicated

'Is .in.,itself could_ be ti,.contributing factor, to further underachievement.

r.or,,based on test,ecores, it:would be possible to group pupils and. place,

them in:,classes where the curricula being taught was far in_advance _of the

achievement level ,of the _pupils.

;Ad can be seen in Appendix 6, the study started with rather tightly 'group-

ed classes of pupilth. As the year iirogressed, the range'in the pUpils' doinpu-

tational skills began to spreaa. It aPpears-that ',no provisions were ndéto

meet the needs of those pdpiTh 'who advanced mote rapidly, and ad 'a :rebiat the

material used by the ExPerimental groitp may have liiited the achieVetent

potential of the More raPidly eiditaiicing'pupM.

Figure 1, below, shows the regression (prediction) lines for both groups

using pre-computation as. a predictor-of 'post-computation.

Grade .

Placement
at Grade

7.8

Figure I.

.6.0

5.3

9.0

5 6
Grade Placement at Grade 7.1

s",

18



Vf

The slope of the regression line for the Experimental group is .92/

mtich indicates that gain in-computation was nearly constant regardless of

the computational skills of the pupil at the beginning of the program. This

consistenay'in gain across a wide range of initial computational skills

seemingly supports the conjecture that the material used by the Experimental

graup may have had a limiting effect on the more rapidly advancing pupil.

Of particular interest is the point of intersection of the two-regression

lines, This point of intersection is at about 6.o on the 7.1 grade placement

axis. In terms of camputational skills/ this suggests that if a pupil is

about 1 year below grade level/ or above/ his progress will be greater under

the Experimental program. If/ on the other handl he is more than 1 year

below, grade level, progress in computation will be greater under a normal

program. But, as is suggested by the result of the attitude scales, the

methods generally employed to attain gain in computational skills under a

normal prugTam may be detrimental to the acqtisition of positive attitudes

toward mathematics in general.

,Because of the underachiever's short interest and attention span, the

material for the program Yes designed so that each unit would be short and,

to a limited degree/ independent of the preceding unit. This approach would

allow for greater flexibility in the teaching of these pupils. Also/ the

spiraling of the content throughout the units permitted mming onto a new

concept befare the first one was mastered. Gains made by the pupils in the

EXperimental group indicate that this approach will work as successfully as

programs where emphasis is placed on a rigid-sequE 'al approach.

There is a second statistic that can be interpreted as suppOrting, to

a degree/ the independence cf topics in elementary school mathematics. A

careftl check was made an the attendance of the pupils in both tbe Experi-

mental and Control groups. Approximately 13 percent (n = 30) of the pupils

in the Experimental grotp were absent 16 or more class periods for a mean

absence of 21.7 class periods. This is about 11 percent of the actual

teaching time. Approximately 10 percent (n = 12) of the pupils in the

Control grotp were absent 16 or more class periods for a mean absence of

21.6 class periods.

In scanning the abbreviated table below/ it is apparent that the within

group differences between the absentees and the non-absentees are not meaning-

fill. In other words, those pupils that were absent so frequently experienced

gain equivalent to those pupils who were more consistently in attendance.
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11
ABSENTEES vs NONABSENTEES

Mean Gain
Computation

lolean_Gain

Applications

-EXperimental Non-Absentees 1.1 .
0.4

-Experimental Absentees, 1.2 _0.3

Control Non-Absentees' 1.8 0.7-

Control Absentees 2.1 0.5,

These figures also suggest that chronic absenteeiem may not impede-the'

learning processes in elementary school mathematics to as great a degree as

is generally believed.

An attempt was made, in the organization and exposition of the material

in this program, to eliminate as much as possible complete reliance on the

teacher for any success the program might have. That is, the function of

the teacher was to be lesi that of the "lecturer" or "pedagogue" and more

that of the "demonstrator", "tutor", and "supervisor* with little emphasis on

complaisant observation and much emphasis on active pupil participation.

Within the Experimental group changes which took place were fairly

constant across classes with relatively little variation. The same did not

hold true for the Control group. There was little consistency and a great

deal of variation between classes. This suggests that with the Control

group, changes that occured were more closely associated with teacher in-
,

fluence, whereas with the EXperimental group, changzs were more closely

related to the influence of the entire program.

Thble 6 shows the gains made by both groups on the five SMSG Mathematics

Inventory scales. It shows that the Control group made no significant gain

on scale SMSG-1, which is composed of such basic properties as commutativity,

associativity, distributivity, and inverse elements with respect to addition

and multiplication of whole numbers. On the other hand, significant gain

was made on the scale SMSG-41 which is composed of items involving either the
k

notation of whole numbers or operations on them. This suggests that, with

-

11. The complete table may be found in Appendix 11 on page 1111..
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the pupils in the Control classes, emphasis vas placed on drill involving

operations with whole numbers, with little emphasis on the understanding of

basic structure.,

As indicated in Table 72 the EXpertmental grouP experienced signifi-

cantly higher adjusted gains on scales SMSG-1 (Whole Number Structure),

SMSG-2 (Open Sentences-- Operations), and SMSG-4 (Whole Numbers-l). This

implies-that, for the .underachieving pupil, material that concentrates on

mathematical structuresl.concepts, and relationships :will do more to over--

come the plvil0, deficits in these areas than the standard remedial treatment

of concentrating on drill.

Table 8 .shows the mean scores, for both groups, for the spring and fall

administrations of the attitude scales. In scanning this table, what is

immediately apparent is that the pupils in the experimental group showed

significant change on three scales which the Control group did not. Further-

more, on the two scales where both groups showed change, the Experimental

group shoved greater change than did the Control group.

Scale ATT 2 refelcts the pleasure or boredom a pupil experiences with

regard to mathematics both in an absolute sense and comparatively with other

subjects. The mean score on the pretest indicates that at the start of the

program, pupils in the EXperimental group did not know whether, for them,

mathematics was fun or dull. The mean score on the posttest indicates that

this noncommittal feeling had shifted closer to that of agreement, that

mathematics was more pleasurable.

Scale AaT 4 reflects the ease or difficulty which a Pupil associatea

with mathematics performance. InterpretatiOn of these means indicates

that, at the start of the program, the pupils more closely associated

performance in mathematics with being difficult. Posttest means show a

shift toward associating mathematics performance with being easy.

Scale ATT 5 reflects haw a child wishes he were in his relationship to

mathematics. The pretest mean on this scale indicates that at the start of

the program there existed a strong desire, on the part of the pupils, to

have a more positive relationship to mathematics. The posttest mean is

significantly lower than at the start of the program. There are two inter-

pretations that could account fur this change. First, because the

Experimental program was designed so that pupils would have successful

experiences, it is possible that what initially yai a desire on the pupils'

part, ultimately became a reality. allis would have the effect of producing

21
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a lower mean on the posttee, Secondly, it is also possible that the

mathematical experience encountered by the pupils was such that they,

acquired a more realistic view of themselves and their relationship'to

mathematics. This could have the effect of lawering their ideals and,

consequently, their performance on this scale.
,

Scale ATT 7 reflects the degree to which a pupil's mathematics perform-

ance is harmed by stressful conditions (e.g., examinations). The substantial

difference between pretest and posttest suggests that the program has had the

effect of relieving the pupils of some of the stressful conditions wh ch, in

the past, may have harmed their mathematical performance.

Scale ATT 8 reflects haw a child sees himself in relation to matheMatics.

The mean pretest and posttest scores seem to indicate, that with the

Ekperimental group, the program has had the effect of strengthening the

pupils' actual self-concept of their ability to hinction Mathematicalbr.

As previously reported in describing the EXploratory study, little

reference was made to any practical application or social utilization of

the mathematical content of the pilot material. Pupils appeared to be more

highly motivated toy successful performance and by the ability to see mathe-

matical relationships fall into patterns than by being able to apply that

mathematics they were learning to some practical situation. On the other

band, the texts used by the pupils in the Control classes were laden with

problem sets constructed to implement the content in a practical sense. The

significant changes in attitude experienced by the EXperimental group but

not by the Control group suggest that the approach used in the EXperimental

material does more to motivate the underachieving pupil than the generally

recommended. approach of practical application.

That the Bcperimental group shoved significant change on the three

attitude scales ATT 2 (Math Fun vs Dull), ATT (Math Easy vs Hard),-and

ATT 8 (Actual Mhth Self-Concept), whereas the Control group, did not, indi-

cates that the program developed for these underachieving,pupils may possess

certain qualities that bring about positive attitude change with respect,to

mathematics that does not occur when the underachiever is taught by the more

traditional approach with the more conventional materials.

It would be reasonable to conclude that the first year of the EXperi-

mental study has resulted in successful mathematical growth for the

participating pupils. In addition, the indications are that attitude changes
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toward mathematics have been invoked that will abet future growth.

The drawing of conclusions though, with respect to the success of the

program, must be tempered. Although the program was developed to meet the

mathematical need of the underachieving pupil, various factors such as

choice of the teacher, teacher enthusiasm, teaching techniques, student

selection, class size, content of the material, use of tables and notes, and

the uniqueness in which the material was handled make it difficult, if not.

impossible, to determine an7 single cause for successftl performance.

The program is continuing with the same classes in the 1967-1968

school year. Materials were-written during the summer of 1967 based on the

experiences encountered with the pupils during the second year of the

EXploratory study.

In September, pupils in each class were randomly separated into two

groups and re-tested. One group was tested using the SAT Intermediate II

tests and the other group was tested using the SAT Advanced tests. This

procedure will reveal the amount of regression which takes place over the

summer. In addition, using the Advanced tests will allow comparisons to

be made which should indicate whether the pupils have advanced far enough

mathematically that an advanced test can be used as an indicator of their

adhievement level.

Pupils will be posttested in the spring using whichever of the two

SAT tests are deemed most applicable. Pupils will also be posttested using

the.SMSG Attitude and Mathematics Inventories.

Information on what mathematics courses these pupils take in their

freshman high school year will be collected. It is also planned to record

the grades these pupils earn during this freshman year.

In-service seminars for the participating teachers of the EXperimental

classes are continuing. EMpbasis will be placed on content, methods, and

means of enabling the pupil to make the transition back to more normal

classroom procedures.
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APPENDIX 1

PARTICIPATING SCHOOL DISTRICTS, SCHOOLS, MID TEACHERS

Experimental Group

CUPERTINO UNION SCHOOL DISTRICT

Collins School Mr. R. Sturtevant

Hyde School Mr. J. Fullerton

Miller School Mrs. A. Bixby

-

MORELAND SCHOOL DISTRICT

Rogers Junior High School Mr. D. Hallstrom

SUNNYVALE ELEMENTARY SCHOOL DISTRICT

Mango Junior High Schcibl Mrs. S. Webb

SANTA CLARA UNIFIED SCHOOL DISTRICT

Juan Cabrillo School Mr. H. Neufeld

FREMONT UNIFIED SCHOOL DISTRICT

Hopkins School Mr. E. MacArthur

Walters School Mr. R. Masuda

SANTA CRUZ ELEMENTARY SCHOOL DISTRICT

Mission Hill 'Junior High School-----Mr. D. Herman

LOS GATOS ELEMENTARY SCHOOL DISTRICT

R. J. Fisher School Mr. J. Fortier
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APPENDIX 2

This appendix contains a table of contents which outlines the material-

covered by the pupils in the Ekperimental group. In addition, samples of

work sheets and tables have been included.

Work sheet 3-4 is typical of those constructed for use in the program.

After a short presentation by the instructor, -work: sheets, which duplicate

the instructor's presentation, are distributed and pupils put quickly to

work. Notice that effort has been made to encourage careful reading of the

lesson by inserting questions and providing space for answers throughOut

the exposition of the lesson.

Frequently, because of the nature of the topic, a lesson required a

more lengthy presentation. When this was the case, amatteMiWas made_to.

partially program the lesson. Wbrk sheets 12,1 and 12-1a,.which constitute,,

one day's lesson, are examples of this type of presentation.

An example of the review exercises, whidn,are.at the_end;_bf,..each unit;

is found in work sheet 10-9.
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CONTENTS

UNIT

I What is Nhthematics

s. Nhthematics as a Method of Reasoning 1-1

FromAxithmetic to Mathematics 1-2

Kinds of Mathematics 1-4

II Introduction to Sets

Mhtching Sets

Number Property

Sone New Symbols

Counting Numbers and Whole Numbers

Number Line

Review

III Number SyMbols

Ameient Number Sytbols

Roman Numerals

Reading and Writing Large Numerals

Nhltiplication by 100 1001 10001

Product Ekpressions and Factors

Repeated Factors and EXponents

Ekpanded Notation

Review

IV Numerals in Base Five

Numeration

Numerals in Base Five

Grouping

Expanded Form: Base Five

2-1

2-2

2-3

2-4

2-5

2-6

3-1

3-2

3-3

3-4

3-5

3-6

3-7

3-8

4-1
4-2
4.3

4-k

Addition: Base Five 4-5

Subtraction: Base Five 4-6

Multiplication: Base Five 4-7

Division: Base Five 4-8

Review 4-9
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UNIT

V ADDITION

Review of Sets 5-1

Urdon of Sets 5-2

Union of Sets and Number

Addition: EXpanded Form 5-4

Addition: Shorter Form 5-5

Addition: Short Form 5-6

Addition: Number Line 5-7

Review 5-8

VI SUBTRACTION

Regrouping in Subtraction

Subtraction: EXpanded Form

Subtraction: Short Form

Subtraction: Number Line

Review

VII MULTIPLICATION

Multiplication

Mhltiplication: Expanded Form

Mhltiplication: Short Form

Mhltiplication: Nunber Line

Review: Urdts 1-11II

6-1

6-2

6-3

6-4

6-5

7-1

7-7

7-9

7-10

VIII DIVISION

A New Symbol 8-1

Division: Repeated Subtraction 8-2

Division: Short Method 8-3

Division: Shorter Method 8-5

Division: Shortest Method 8.6

Review 8-8

IX FACTORING AND PRIMES

Mnitiple-Factor-Divisible

Sieve of Eratosthenes

Factors

Finding the "Factors of"

Complete Factorization

Greatest Common Factor
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UNIT

Least Common Multiple 9-9

Least Common Multiple: Short Method 9-10

Review 9-11

INTRODUCTION TO RATIONAL NUMBERS

Congruence 10-1

Rational Numbers: (Fractions) 10-2

Number Line Mbdel for Fractions 10-3

Congruent Regions and Equivalent Fractions 10-4

Number Line and Equivalert Fractions 10-5

Equivalent Fractions: Number Lines 10-6

Equivalent Fractions in Lower Terms 10-7

Equivalent Fractions in Bigher Terms 10-8

Review 10-9

XI ADDITIONAND SUBTRACTION OF RATIONAL NUMBERS

Addition and Subtraction of Fractions with a

Common Denominator 11.-1

Addition of Mixed Numerals 11-2

Subtraction of Mixed Numerals 11.-3

Coimnon Denominator 11-4

XII MULTIPLICATION OF RATIONAL NUMBERS

Products as Measures of Rectangular Regions 12-1

Renaming Fractions in Mixed Form 12-4

Mhltiplication of Mixed Niamerals 12-6

Estimating the Etoduct of Two Mixed Numerals 12-7

XIII DIVISION OF RATIONALNUMBERS

A Fraction as tbe TYoduct of a Counting NUmber

and a Unit Fraction 13.'1

Property of One 13-2

Equivalent Fractions 13-3

Review 13-5

XIV. ADDITION= SUBTRACTION OF DECIMALS

Decimals 14-1

Addition and Subtraction of Decimals 14-2
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UNIT

XV

XVI

XVII

XVIII

XIV

XX

MULTIPLICATIM OF DECIMALS

Multiplication 15-1

DIVISION OF DECIMALS

Division 16-1

Division of Decimals with a Remainder 16-3

Changing Fraction Names to Decimal Names 16-4

Repeating Decimals 16!.5

Using Your Tables 16-6

Review Exercises 16-8

ROUNDING

Rounding Decimal Numerals 17-1

PROPERTIES OF WHOLE NUMBERS

Commutative Proparty 18-1

Associative Property 18,r3

Distributive Property 18-5

The Nbmber One 18-6

The Number Zero 18-7

Review 18-8

AMA AND PEMIMETER

Perimeter of Simple Closed Curv.:3 19-1

Area of a Rectangle 19-2

Area of a Parallelogram 19?-4

Area of a Triangle 197.5

Exercises 19-6

STATISTICS AND GRAPHS

Gathering Data 20-1

-Bar Graphs 20-2

Broken-Line Graphs 20-3

Circle Graphs 20-4

Averages 20-5

Median, Mode, and Range 20-6

Review 20-7
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UNIT

XXI INVEBSE OPERATION

"Doing and Undoing" 21-1

Solution of Problems on Use of the Inverse Operation,. 21-2

Solutions That are Not Whole Numbers 21-4

XXII INTRODUCTION TO PERCENT

Review

Division Continued

Percent-A Short Way of Saying

Percent and Inverse Operation

Review

22-1,

22-3,

22-4

22-5
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MULTIPLICATION BY 10,, 100, 1000,

Look at the multiplication problems below.

a. 1 10 = 10 d. 100

b. 10 10 = 100 e. 100

c. 10 100 = 1000 2. 1,000

100 . 10,000

1,000 = 100,000

1,000 . 1,000,000

In problem (c), 10 100 = 1,000, how many zeros are there

in the numeral 10? ans. Howslagy zeros are there in the

numeral 100? ans. How many zeros are there in the numeral

1,000? ans.

In problem (e), 100 1,000-= 100,000:, how many zeros

are there in the-numeral 100? ans. How mary zeros are

the in the numeral 1,000? ans. .
How many zeros are there

in the numeral 100,000? ans.

Do you see any connection between the total nuMber of zeros

in the 2 numbers you are multiplying and the nutber of zeros in

the answer? ans. Are they the same? ans.

See if you can finish this statement:

If 1, followed by :x: nuMber of zeros (x is any whole number) is

multiplied by 1, followed-by y number of zeros (y is any whole

nuMber), then the answer to this multiplication will be 1,

followed by + number of zeros.

Fill in the blanks in 'the problems below.

1. 10 10 = 4. 100,000 10

2. 100 10,000 mg 5. 1,000 10,000 .

3. 10,000 10,090 6. 1 1

If,10 100 = 1,000 then1,000 = 10 100 , but it is also true

that 1,000 = 10 10 10 9 and

that 1,000 = 1 1,000

Fill in the blanks in the problems below. PYoblem 8 is done for you.

3.4

7. 10

8. 100 . 10 .12_ = .100

9. 10,000 = . a , . a
0111MMIM 6.1MIIMED .1.11111M 4111.1.1M

10. Express 100,000 as three different multiplication problems.

Consider 1. 100,000 and 106,000 1 as the same problem.

a.

OneeNamtkr.....m.owriwornmosoelfte000100.0ammr....~..011..1.0.1.1olmowinveraerwavabarnIMINEMI11110
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3-5

PRODUCT EXPRESSIONS AND FACTORS

Yesterday you learned an easy way to multiply numbers like

10, 100, 1,000, by numbers like 10, 100, 1,000, For

example,. you learned that to multiply 1,000 by 10,0002 all that

was necessary was to total the number of zeros in 1,0001(3)11=d

the number of zeros in 10,000, (4), and that the total,(7),

would be the number of zeros that followed the 1 in the answer.

That is: 1,000 lot000 = losoomoo

9
3 zeros 4 zeros 7 zeros

There are names, that in order to make talking and writing

about multiplication-problems easier, you should be familar with.

Product eipression Product

6-1,RiliA710,000 n 10,0001000
06"""*

Factors

Product expredsion

AgProduct.t"---""i"1410 10 10 = TB
4N, t in

Factors

Now you should be ready to make another discovery about

Look at the problems below.

10 10

10 , how many zeros are

. How many factori are

ther in the product expression? ens;

In the problem 100,000 10 10 10 10 10 9 bow

many factormL are there in the product expressibe ans.

How many zeros are there in the product 1Q0,000? ans.

bo you see amy connection between the nuMber of zeros that

follow the 1 In the product and the nuMber of-factors in the

product expression? ans. Are the number of fact9rs in

the zoduct expression the same as the nutber of zerOs that

follow the 1 in the product? ans.

(Go on to next page.)

nuMbers like 10, 100, 1,000,

a. 10 10

b. 100 = 10 10

c. 1,000 .5 10 10 10

d. 104000 10 10 10 10

.

e. 100,000 = 10 10 10 10 10

f. 1,000,000 10 10 10 10

In the problem 1,000 = 10 10

there in the product 1,000? ans.

33
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3-5a.

Fill in the blank spaces.

1. If there are 5 factors of only 10; in a product expression,

then there will be zeros following the 1 in the product.

2. If there are 13 zeros following a 1 in a product, then there

will be factors of 10 in the product expression.

Express the following products.as product expressions whose

factors are all 10i.

Example: 1,000.= 10 10 10

3. 10,000 =

4. 100 se

10,000,000 =

aleWOOMOVINIMPOMS.111111111MOMMINOr

5.

6. 100,000 =

7. 10,000,000,000,000 = IMPUPPOMPOINWNIPSerM111.

1=1111.1111/111111111110/.

Without multiplying, find the product of the following product

expressions. Examle:

10

10

. 10

10 =

10 10 100

8. 10 10

9. 10 10

10. 10 10 10 10 10 .

Change the product expressions to product expressions of la omly

and then find the product.

Example: 100 1,000 (10 10) (10 10 10) = 100,000

11. 100 10,000 =

12. 1,000 1,000

13. 10,000 10,000 =

14. 100,000 100,000 =

VINOMMIN...M.MINMPIMMON~NO011MIMIDOMOSISOMONIMON0181011001DNINIIMMINIWORPOAIONNINS

BRAINBUSTER. Without finding the products., how can you show

that 10,000 100,000 = 1,000 1,000,000 ?
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3-6

REPEATED FACTORS and EXPONENTS

You have learned that a numeral like 10,000 can be expressed

as a product expression that are repeated factors of 10. For

example, 10,000 = 10 10 10 10 Is there a short way to

write 10 10 10 10 ?

Mathematicians have agreed that a short way to write

10 10 10 10 is 104: This new symbol is read, ten to the

fourth power , Then 10.. 10 cOuld.be written 102, 10 10 10

could be written 103, for that matter, any expression of repeated

factors can be written this short way.

23332
5

2

5

2

5

=.23

5 = 5
4

6

4

9

6

4

9

6

4

9

=^63

4

9

. 44

9 9 9 * 97

These new names are called exponent forms. When we write

104 = 10 10 10 10 = 10,000, the a4" is called the exponent.

The "10" is called the base. Study the diagram below.

Exponent ,Product Expression

164' -11)71-00-73..) 10,000 -4,----Froduct

Base Factors

The exponent tells how many times to

Factors are to be multiDlied.

use the base as a factor.

1. Write each of

Example: 3

Example: 3 +

a. 2 + 2 + 2

b. 10 + 10 +

c. 6 + 6 + 6

d. 2 2 2

e. 10 10

f. 6 6 6

g. L. 4 . 4

.h. 2 2 2

i. 3 3 . 3

the

3

3 +

+ 2

10 .

+ 6

2

10 =

6

following

3 3

3 + 3

a

in a short form.

is
4 Notice that the first

example is multiplication,
4 3 the second, addition.

+ 6

=

=

6

. 3. 3 3

(0 on to ntxt page.)
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2. Write these to show their meaning.

Example: 25 = 2 2 2 2 2

a. 43 =
'4

b. 3

c. 52 it

d. 23 m

e. 45 =

f. 5
4

g. 105 =

3. Mud the value of each of the following expressions.

Example: 4 3 = 12 Nbtice:
k
4 4 4 = 64

Aff

Example: 43 4 4 4 :_64_ 16 "1

N164or

vmmagemswasieftwome.mallaININNIIILs *NM.

3-6a

74a = e. 2 3 =

b. 5 . 2 = f. 23

,2 72
c. 2 = g. =

d. 25 = h 3 2 *--
4. Write each of the following in *a shorter manner.

Example: ten to the second power 102

Example: ten times two
V

V 10 2

a. five to the fourth power

b. two to the third power

c. two times three

d. three to the tenth power

e. one to the tenth power

f. ten to the first power

5. Complete the table below.

Pow- - .. .. .. - ..

10
6 lo . lo . lo . lo . lo . lo 1,000,000

lo

lo

lo

lo

lo

6. BRAINBUSTER. Do you see an7.re1ationship between the exponent
$1

for the base
d
10 and the number of zeros in the V product?

What is the relationship? .

.1110.111............14.a..

36



6-1

REGROUPING IN SUBTRACTION

Although all of you know how to subtract, it will be worth-

while for us to review the processes involved in this operatic:cu.

Consider the problem 68 49 = 18.

68 = 6 tens + 8 ones

4 tens + 9 ones

Looking ahead, you can see that (8-9) cannot be domputed

with whole numbers. Therefore it will be neceseerY to regroup

("borrow ") the 6 tens. Regrouping, the problem will look

like this.

68 = 6 tens + 8 ones = 5 tens + 18 ones

.49 = 4 tens + 9 ones = 4 tens + omms the subtraction.

19 = 1 ten 4.-9 ones

Now you can complete

Do the following subtractions as is dons in the example

above. Do EgI use the numerals 1, 10, 100, 9 but write

out these numerals in words as is done in the example.

1. 53

2. 75

764

4. 402

-139

5. 710

-287,

6. 3,456

37



-,qwr-vrrrlww."".mmTPV,-'

SUBTRACTION: EXPANDED FORM

The example below shows the subtraction 68 -. 49 using

expanded form. Study it carefully.

Step 1. 68.and 49 are written in expanded form

Step 2..

68 = .60 + 8

_19 a 404. 1_
-;.

Looking ahead-we see that (8-0) cannot be
--

with whole zmmbers. Therefore we regroum

50 + 18.

68 = 50 4.±

49 = 40 4

computed-

68 as .

Step 3. Now we are ready to subtract 9 from 18 and 40 from

50.

68'r 50 +.18

19 = 10 + 9 ,

Do the following subtraction problems as is don* in the

example. 3how all the regrouping.

2. 73,

3. 125

37-

4. 452

Le-

5. 503

6. 3,532

38
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6-3

'SUBTRLCTION: SHORT FORM

Study carefully the forms of subtraction .below and see if

this doesn't explain the "borrowing" you do in subtraction.

Short Fora

342

31
02

/42

Expanded. Fori

(2-7) cannot be Computed
with whole numbers, so We re-

--group the tens.

(3-8) cannot be computed with
olel numbers, So lie regroup

dreds.

.342

-1.§7

= 300 + 40 + 2

= 100 + 80 +.

?.

342

. -187

= <300.+ 30 +.12
=)--100 +- 80

342 = 200 + 130.,+

= 100 + O +

12

2S,
02 Now subtract.

155

342 ,= 200 + 130 + 12
-187 = 100 + 80 + 7

155 = 100 + 50 + 5

Do the following subtraction problems using the short form.

1. 2 4 6
132

5. 2 0 1 3

ILL2 86

2. 9 2 6 3.
7 8 4 .

6. 7 6 6 7.

9. 2 0 0 3

_4126_

39

9'6 4 4.

7 7 7

9 4 9 8.
8 9 2

6* 0 4 0

4 7 9 3

4 0

v1.1

3 0 0

,

.
,
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MULTIPLICATION

Now that you know how to multiply, easily, problems like

10 5, 32 4. 100, .. 9 and also know that 50 = 5 10,

3200 = 32 100, etc., let's see if you can make another discovery

about multiplicaticen. Look at the following multiplication

problem then'answer the questions that follow.

30 70 . 2100

1. Does 30 3 10 ? ans.

2. Does 70 .* 7 . 10 ? ans.

3. Then does 30 70 = (3'. 10) (7 10).? ans.

4. Does it make amy difference in the answer (product) the way

we arrange the factors to be multiplied? That is, does

2 3 5 = 3 5 2 ? ans.

5. Then does 30 70 = (3

ans.
6. 3 7 =

7. 10 10

8. Then does 30 70 (3

9. Then the product of 30

Do the cxercise below and on the next page just as it is

done in the mamples. Do not leave out any steps.

Examples: n = 20 30 n = 300 50

n = (2 10) (3 10) n (3 100) (5 10)

n 2 3 10 10 n 3 5 100 10

n . 6 100 n = 15 1000

n . 600 n 15,000

10) (7 10)

7) (10 10) a 21 100 ? ans.

70 . 21 100

10. n-= 30 40

n.=

n*011
n ea. 01.1.. *swim.* -.N.*

11. n 21_1, 800

4,104M..04.0.0411.80.4.0.10.......41111110

W

(Go on to next page.)
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1.a....mIs0.01M111111 tftwoMP=0...M.A710.1111111101IV

12. n w,900 60

13. n.a.,12,400_
n
n a __
fla
n

14. n = 600 800

n
a*

gap

-411,

.101141.101

15. ii ii.17,000. i_ 500

fla

VII/e



:MULTIPLICATION

Let us see if you have arrived af the quick and easy metho

of multiplying nuMbers that end in zeros. LOok at the problem

below, then answer the questions.

3,000 700 = .2,100,000

1. How many zeros are there in the'numeral 3,000 ? ans.

2. How many zeros are there in the'numeral 700 ? ans.-

5. How many zeros altogether ? ans.

4* How many zeros are there in the produdt 2,100,000 ? ans.

5. -Do You see any connection? ans.

Now look at the example again.

3 zeros 2 zeros (3 + 2),zeros

3,000 700 ii,g45aa

(3.7)

Study the following examples.

400 700 = (4 7) followed by 4 zeros = 280000

60 30 3) followed by 2 zeros = 1800

8000 9000 = (8 9) followed by 6 zeros 72000000

Complete thi exercise below using the ideas from ,the examples

above. Use your multiplicati-.0 tables if you need to.

6. 30 500

7. 500 70 m

8. 00 9,000

9. 8,000 ..9 m__ M

10. 600 900

11. 80 7,000 a

12. 700 700 a

13. 40 9,000 =

14. 9,000 9,000 =.

1. 4,000 700 =

..MIIMIIIIIMIN1111111M

.011.01MI.

-.
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LEAST COMMON MULTIPLE-SHORT METHOD

Suppose you were asked to find-the least common multiple

of 7, 8, and 9. If :you were to use the method you have been

using the last few days you would find this to be a very long

and difficrlt problem. The least common multiple of 7, 8, and

9 is 504. Yoil would have to list 72 counting numbers that were

multiples of 7; 63 coanting numbers that were multiples'OT 8;

and 56 counting numbers that were multiples of 9, -before you

came to the tirst comion multiple. This mould take 'a' long time.

Let us see if we can find an easier and quicker method of

finding the least common multiple of a set Of nmmbers4 for ex-

ample 8 and 12.

Consider the following:

Does 8 2 2 2 ? ans.

Does 12 = 2 2 3 ? ans.

Now, let us consider the product expression for 12, that is-

2 2 3

Is 2 2 3 divisible by 12? ans.

Is 2 2 3 divisible by 8? ans.

In the product expression 2 2 3 , what other factor is

needed so that it is divisible by 8? ans.

Suppose we take the product expression 2 2 3 and place in

it another factor of 2. Then the product expression will look

like this:

2 2 2 3

Now, consider the following:

12 will divide 2 (2 2 3) because the product expression

within the parentheses is another name for 12.

8 will divide (2 2 2) 3 because the product expres9ion

within the parentheses is another name for 8. Therefore, the

least common multiple of 8 and 12 is 2 2 2 3 = 24

(go on to next page.)
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Exercises. Find the least common multiple of each of the

following sets of numbers. Use the short method.

Example. Find the least common multiple of 9 and 15.

93.3
Consider 3 5

15 = 3 5

3 . 5 is divisible by 15 because 3 5 is another

name for 15,

3 5 ic r. '21.ilible by 9. To be divisible by 9,

the product .pTession must have two factors of 3,

that is, 3 3.

To make 3 5 divisible by 9, place OMA more factor of

3 in the product expression, that is, 3 3 5.

Now, 3 3 and 3 5 will both divide 3 3 5
Therefore, the least common multiple of 9 and 15 is

3 3 5 = 12

When you write the problem it should look something like this:

9 = 3 3

15 3 5

1. 12 and 16

2. 14 and 16

10 and 14

4. 16 and 18

5. 12 and 20

6. BRAINBUSTER, 100, 250, and 200

L.00M. = 3 3 5 = 45
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EQUIVALENT FRACTIONS IN LOWER TERMS

In yesterday's exercise you were given a fraction and

asked to find an equivalent fraction that had the smallest

whole numbers in the numerator and denominator. For exemple,
15

you were given 25 , and as you read up the table you found that

1.2 12
9
therefore, was your answer as it had

20 16 12 gg g a 4
the smallest whole numbers in the numerator and denominator of

the listed equivalent fractions.

Suppose, though, you were asked to do the same thing with
18

the fraction R. ? Tour tables do not go that high. Bere is a

method you can use to reduce a fraction to simplest form, that

is, to a form where the fraction has the smallest.possible whole

numbers in the numerator and denominator.

Consider the fraction 20
3 5

20 a 2 2 . 5 But is another name for 1.

Then Po -2 55 is .24.--2 1 -2 =

Let's try ig . You fill in the blanks.

The complete factorization of 18 is

The complete factorization of 24 is

18Then R. =

But and 1 are but different names for
2. 3

Then . 1 1 but since the product of 1 and any

number is that number,

18
24 w

a.

EXercises. Put the following fractions in simplest form. Use

the method shown in the example. Use table 8 to help you.

Example: ig = 2 3 °5 2
24 2 3 2 2 2 3 2 2 a 4

1'21

(Go on to next page.)
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EQUIVALENT FRACTIONS IN HIGHER TERMS

If we can reduce or place a fractian in simplest paa by

removing the common factors of the numerator and denominator,

thatjs, those factors whose quotient is 1, then by reversing

the procedure we .can express ady fraction as an equivalent

fraction of higher tern by multiplying by 1.

EXample: 4 4 5 4 5 si 20

.Notice we have multiplied the numerator and denominator

by the same number, that is, 5, but is but another name for

1, therefore, we have not changed the value of the fraction,

only its names
_ .

Exercises.

1. Find the other names for

true. Etample:
2
3

a.

b. 4

,20
25

24
3 2

4
c.

3 27

d. 2
8

42

10.8

1, that make the following statements

2 . 2
ans.

3 5 15

300
43. 10 '1000

2. Place the correct number in the numerator or denominator to

make the following stL4ements

a.

b

C.

g
3

4 a

=

d.

a.

f.

15

A

=2

1

2
8

25

true.

g

h
11 lig.

=
12

i 7 e
10 155
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Review exercise

1. The decimal numeral for XXIV is

2. Which is the larger nutber,
53 or 37 _? ans.

3. Using set notation, describe the set of counting nUnbers

that are multiples.of 10.

4. How many different prime factors does 100 have? alas:

5. Without dividing, is 10101 divisible by 3? ans.

6. What is the least common multiple of 2, 4, and 10? ans.

7. If a nuMber has 10 as a factor, what other factors must the

nuMber have?:ans.

8. What is the greatest comMon factor Of 12 and 18? ans.

9. Put 2,345 in expanded fori using exponents.

2,345 =

10. Find all the factors of 36. ans.

4
11. To change to the equivalent fraction 9 you multiply both

numerator and denominator by

12. Reduced to simplest form, =

13. If you make a tracing of one figure and place it on top of

another figure and if it fits exactly, then we say that the

two figures are

14. In the numeral 234five, the 2 stands for two

15. The decimal system uses (how many) symbols. These

symbols are called

Use the space below to do your work.
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PRODUCTS AS MEASURES OF RECTANGULAR REGIONS

1. Figure A shows a unit square region. Figure B shows the

same unit square region. It also shows a shaded rectangular
1 1region whose sides are -4- unit and unit in length.

1
2

A

You can separate the unit square region into rectangular
1 1regions which are congruent to the by region, as shown

in Figure C.

a. Row many congruent regions are there? ans.

b. How many congraent regions art shaded? ans.

c. What fraction is represented by Figure C? ans.

2. Figure D shows a by i rectangular region shaded. Figure

E shows the unit square region separated into congruent

rectangular regions. 3

a. In Figure E, how many small rectangular regions are

there in the Unit square region? ans.

b. Row many-congruent regions are shaded? ans

c. What fraction is represented by Figure E? ans.

(Go on to next page.)
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3.
4

Figures F and G show a shaded - rectangular region.
5 6

6

111

6

A
a. In Figure G, how many small congruent rectangular

regions are there in the unit square region? ans.

b. How many of these congruent regions are there? ans.

0. What fraction is represented by Figure G? ans.

4, Figure J shows a shaded rectangular region larger than tha

unit square region. .The unit square is shown in dark lines.

Figure J is a by I region. Figure K shows the shaded

rectangUlar region and the unit square regian separated

into congruent rectangular regions.
AL
5

A
a. How many small rectangular regions are there in the

unit sauare region? ans.

b. How many small rectangular regions are there in the

by sha
ded region? ans.,

2 3

c. What fraction is represented by Figure K? ans.

5. Complete this table about the shaded regions in Exercises

1 - 4.

Measure of sides Fraction represented

1 1
27 by 2

50



Suppose we wish to change the mixed numeral 5.331 to a

fraction. The procedure is just the reverse of what we did

yesterday. Study the examples.

Example (a)

3 3la 9553 sr check: -- 11 (315)+1 121 16 , 16

Example-(b)
)

'8 a
(8.64 itita

8 8 a 8
check:

8)751!

1. Change the following mixed numerals to fractions and then
check your work exactly as in the examples.

.0.;==1:aszzzrairomserameXIMet

12-5

a.

C.

e

f.

g.

h.

213
3

24

1211

j.

51
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ES'IIMATING THE PRODUCT OF TWO MIXED NUMERALS

Tt is frequently to your advantage to be able to estimate

tho product of two mixed numerals. The following is one way

of making a fairly close estimation.

Before going on though, the symbol > means

and the symbol < means . When using these

symbols, the arrow always points toward the number.

Now, let us use these two symbols to help us estimate
1

the product of 33 . Answer the following questions by

filling in the blanks.

1
1. What is the first whole number greater than 3- ? ans.

3
1

2. What is the first whole number less than 3- ? ans.
3

1
3. Is it true that 4 > 3 > 3 ? ans.

3

4. What is.the first whole number greater than 4 ? ans.

5. What is the first whole number less than 4 ? ans.

6. Is it true that 5 > 4 > 4 ? ans.

Now, let us write the mathematical sentences in questions

3 and 4, one over the other, just as if you were going to mult-

iply vertically, which we are.

1
This tells you that the product of 3i and 4-2, which is

represented by the question mark (?), will be somewhere betwe.n

12 and 20. With a little practice you will be able to do this

estimation mentally,

7. Using the method shown above and in problem (a), find two

whole numbers between which the product will fall.

a. al 9i 10 > 92 > 9
8 The product will fall
17 > 6 > 6 between 70 and 54.
2

70 > f > 54

(Go on to next page.)
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8. Find the paoducts of problems ae in eXeroise 7.
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Consider the figures below.

,

13-1

0

Figure A is a unit square region. Figure B shows the same

unit square region divided into 4 smaller congruent rectangular

regions. Can each of these smaller regions be thought of as
1making up 4 of the unit square region? ans. Figure

shows the sane unit square region with 3 of the smaller-regions

shaded. What fraction is associated with figure C? ans.

If each of the smaller regions can be thought of as making up
14 of the unit square region then can the shaded portion in figure

C be thought of as three is ? ans. If it can, then

1

4 4

1. Express each of the following fractions as a product expression.

One of the factors is to be a whole number, the other factor

a fraction. Problem (a) and (b) are done for you.

a. 1 1 1
f.

3 3 8

b. 1 13. 1
5

C. 2 h. a
8 22

z

Tg
15e. is
16

2. Earlier this year you learned that you could write 5 4 3 as

The same idea can be used to write 1 4 , that is, you can
2 5

write

2
5(Go on to next page.)
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2
Notice that the bar between and - is longer than the other

2 5

two bars. Write the following as fractions. Problem (a) is

Ione for you.

a. 4 3112
3

b.
6 7 7

C. 2 +
8 7

d. 8 2
9 4

e. 11 2
7 ' 4

3. Write the following as fractions, then write the numerator
and denominator of the fraction as 4 product expression of
two factors, one a whole number and one a fi'action., Problem
(a) is done for you.

1
3a. 3 . 2 4

1

7 5 7

b.
3 4

d. 1 §
8 7
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What is another name for ? ans. What is another
3

name for ; ? ans. What is another name for ? ans.

Except for *aro, what is another name for any number divided by

itself? ans. Then, what is another name for:

t ..3... 9.9 ans . ans.

3

Using this idea of 1 and the fact that a fraction can be

expressed as a product expression of 2 factors, one of which

is a whole number and the other a fraction, we can now do

division %If fractions that have a comman denominator. Study

the examples carefully.

Exanple (a)

i 3 . 1 1i + i. + , 74 mi.i. siimi
5 5

Nxample (b)

/ 5 .1 1i÷i--1-- 4- si . -I--
2 3

3

1. Perform the following divisions. Follow the examples above.
Do not omit any steps.

a.
4. ' 4

b. 2 3
8 ' 8

C +

2. Look at your answers (quotients) and then at the problem

again. Do you see a.short way to do the division if tha

denominators are common?
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MULTIPLICATION

Suppose we wish to multiply two numbers in decimal form,

for example, (.3) (.25). We know how to multiply these

numbers without the decimal places: 3 25 m 75

Just as before, we write

(.3) (.25) or .25

_LI_ but
.3 and .25 -2.510 9 loo 80

(.3) (.25) a
5 .075al -2

ig 100 a 1000 a

15-1

Notice that the number of zeros in the denominator of the product,

when written as a fraction, is the same as the number of decimal

places in the product, when written as a decimal.

Now, aaswer.the following questions about the above problem.

1. How many digits are there to the right of the decimal point
in .3 ? ans.

2. How many digits are there to the right of the decimal point
in .25 ? ans.

3. What is the sum of your answers to (1) and (2)? ann.

4. How many digits are there to the right of the decimal point
in .075 ? ans.

5. When-You compare your answers to (3) and (4), what do you

find?

Consider the multiplication below. Then answer the questions.

735
.25

3675

1470
.18375 thus (.25) (.735) a .18375

6. How many digits are there to the right of the decimal point
in .25 ? ans.

7. How many digits are there to the right of the decimal point
in .735 ? ans.

8. What is the sum of your answers to (6) and (7)? ans.
9. HOw many digits are there to the right of the decimal point

in .18375 ? ans.

10. Compare your answers to (8) and (9). What do you find?

(Go on to next page.)
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To find the number of decimal places when two numLers are

to be multiplied, add the number of decimal places in the two

numerals.

Notice that when we multiplied (.25) (.735) that the

first numeral has two decimal 151aces and the second numeral

has three decimal place., so there lill be five decimal places

in the.answer. Me multiply 25 735, and then mark off five

decimal places in the answer, counting from piRht to au.

11. Find the products.

a.

b.

(.8)

(.06)

(.7)

(.9)

c. (.05) (.05).

d. (.4) (.004)

e. (.02) (.007)

f. (1.3) (2)

g. (2.5) (.3)

h. (.02) (1.8)

i. (1.5) 61.5)

j. (2.03) (.7)

5 8
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DIVISION

Suppose we wish to divide 1.2 by .3 How do we divide a

decimal by a decimal? You know that 1.2 4 ,3 can be written

122 Now the problem becomes one of how to divide by .3
.3
Wouldn't it be much easier if the divisor were a counting

number, that is, if .3 were just 3? If it were, the division

would be quite simple.

When you worked with fractions you learned that you could

multiply (or divide) both tbe numerator and denominator by the

same counting number without changing ie value of the fraction.

Suppose we multiply the numerator (1.2) and the denominator (.3)

by 10, then

Lta la 10 igig Now the division
.3 .3 lo 6' 3.o 3

becomes quite simple.

Exercises.

1. Multiply thc numerator and denominator of the following

numerals by some power of 10 (10, 100, 1,000, etc.) so

that the result is a fraction with a countinR number as

a denominator. Problem (a) is done for you.

a. 734 734 120 210.222
.25 a .25 100 '4 25.00 w 2

b. A222
3.26

04 685
8.2

(1. mg_
.007

e. AV12
.36
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Let us now use the idea yeu learned yesterday to explain how to

divide decimals. The example on the left is how you would divide

decimals. On the right is what takes place if the division were

in the form of a fraction.

(a) 3.36 + .8

can be written as

(b) .8)75736

Move the decimal point in

both the divisor and the

dividend the sai.jsIbe_uor

6f places k) that the

divisor is a counting

number.

(e) &Tag
Do the problem as if it

were division of whole

numbers, that is, ignore

the decimal point.

4 2
(d) 81.573X

32
1 6

0

Place the decimal point in the

quotientin such a way that ths

cuotient has exactly the sagl

pumber of decigal points

as the revised dividend you got

by step (c).

3.36 + .8

can be written as

los 10 33..60
10 a 80

3 1.6. = 4 28

_2112
8133;6 33.6 . 4 2

32
8

1 6
1 6

0

Of course, with a little practice you will be able to do all

of these steps at one time,

(Go on to next page.)
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USING YOUR TABLES

This exercise will give you some

Decimal Equivalent Tables.

You have learned that a fraction

practice using your

like 2 has the decimal
4

name .75 To find this decimal name you did as follows.

, 4) 3gg
3-1/

20
pg

Now can also be thought

on page 10, you will find that

Then it must follow that

16-6

of as 3 . From your tables

the decimal name for is .25 .

u 3 .
4

3 (.25).= .75 . Let us try another4

8)17178
1

= - = 7 (.125) = .875 check:
8 8 60

40
40

Exercises. 0

1. Use your table and the above process to find tbs decimal

name for the following fractions, then check 'to make Sure

your answers are correct. Problem .(a) is done for you.

= 5 (.125) = .625 check: 8) 5.000
4 8

20
16
40
40

(Go on to next page.)

61

f)



C. :s
8

d.

e . 12
10

f. 13,
20

g .2
25

61
h. BRAINBUSTER. 64
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AREA OF A RECTANGLE

The chances'are thit your classroom floor, is in the shape

of a rectangle, and that it, is covered with tile. Suppese you

were.given time enough to count 'the nuiber of tile on ihe floor,

and found-there were SOO tiles in all. 'feu are actual* finding

the argst of the floor'using tiles as the Covering unit.

This is exactly what is done when finding the area of any

rectangle only instead of tiles we use a.souare of some standard

measure, that is, an inch, foot, yard, etc.

Suppose we have a rectangle '6 inches long and 3 indhes wide

and we want to find its area. Because the rectangle is measure4

in inches, we choose a seuare, 1 inch on a side' as our ,covering

unitland, see how many of these squares it tnkes to.cover the

rectangle.

3 inches'

6 inches

By counting, you will find-it takes square inches

to cover this rectangle.

1. In the figure above:

a. How many squares are there in each row rows go horizon.

tally)? ans.

b. Hew many rows are there? ans.

c. Write a mathematical sentence to show how .to find the

area of the above rectangle without counting.'

anp.

How many squares are there in each column (columns go

'vertically)? Ans.

How many columns are there? ans.

Write a mathematical sentence to shew how to 'find the

ar4a of the above rectangle without counting.

ans.

(Go on-to next page.)
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19-2a

2. If: A = the area of a rectangle

g = the length of the longer side

w = the width (length of the shorter side)

Write a mathematical sentence using A.,Jt, and w to show

how to find the.area of a rectangle. ans.

3. The figure below represents 1 square foot.

1 foot

a. How many inches in I foot? ans.

b. Then instead of saying that-the above square is 1 fOot

by 1 foot, we dan say, it is . inAhes by inches.

c. How many' square inches are there in 1 square foot?

ans.

4. The figure below represents 1 square yard,

1 ar

1 yard

a. How many feet in a yard? ans.

b. Then'instead of saying the'above. square is 1-yard by

1 yard we ,can say it-is feet by feet.

0. How many square feet in I square. yard? ans.

d. BRAINBUSTER:

How _many squire inches in 1 Square yard? ans.



AREA OF A TRIANGLE

The two triangles below are congruent. (Remembert.tio

figures are congruent if they have exactly the-same Shape and'

19-5

Size.)

Step (1)

A

;

Imagine they sre hinged.at,point C and we start to.rotate
.

.

triangle T in a clockwise direCtion, aa is shown below.

Siep (2)

We continue to rotate triangle T. Until poin't 3 mmets

point A as As Shown. below.

*(3)

(Go on io neit page.)
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19.5a

Refer to page 19.5 when answering the following questions.

1. In Step 3 what kind of a figure has been formed?

11318.

2. Write the formula for finding the area of the figure in

Step 3. ans.

3. We started, in Step 1, with 2 congruent triangles andi bgi

rotating, ended up with the figure in Step 3. Is the area'

of this figure equal to the area of triingle X plus the

area of triangle V
4. RimeMbering thattriangles X eat are coniruent, then the'

area of I'ofthese triangles miist be the arei or the

figure in Step 3.

5. Using your answers to questions 2 and 4, write a formula

fer finding the area of a triangle-. ans.

Find the area of the following triangles.

a. 7.

T-
6'

\

fr e

le





.111111.114N.

TABLE I

ROMAN NUMERALS

Our Numeral 1 5 10 50 100 500 1000

Roman Numeral I V

To write numbers other than those shown above, symbols are

repeated, or added.

Example: 3 = III 20 . XX 323 CCCXXII-

Notice that the symbol for the largest number comes first and

is followed, in order, by the symbols for the smaller numbers.

EXCEPTIONS

There are six exceptions to the above rule. When writihg a

numeral that has a 4 or a 2 in it, subtraction is used.

Below are the six exceptions.

4-= 5 - 1 it IV 40 = 50 10 = XL 400 = 500-

9 .70 1 = IX 90 = 100 - 10 = XC 900 = 1000

Example: 444 a 400 + 40 + 4 CDXLIV

949- 900 + 40 + 9 = CMXLIX

1

= CD

- 100,= CM

It is always a good procedure to put a decimal numeral into

exioanded form before changing it to a Roman numeral.
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ADDITION TABLE

9

0 0 3 5 7- 8 i9

, 8 t9 .10

2 21 3 4 5
4,.........

6 8 9 10

3 i 4 1 5 6 7- a I 9 10 11 ,

6 7 8 1 9110 111
i

12 13

5 1 6 7 8 9 10 13. In 13 .14

6 61 7 8 9 10 InEn 14 115

7 7 f 8 9 10 CM 13 14 15 16

8 8 i 9 3.0 NNW 4 15 16 1.7

9 9 10 111 3.2 15 14 15 16 17 18

70
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TABLE of MEIGHTS and MEASURES

LENGTH

12 inches = 1 foot 63,360 inches

3 feet . 1 yard 5,280 feet

161 feet 1 rod
1,760 yards

2
1

320 rods d/
5 yards = 1 rod
2'

AREA

144 square inches 1 square foot

9 square feet 1 square yard

1304 square yards = 1 square rod

160 square rods = 1 square acre

640 acres = 1 square mile = 1 section

VOLUME

1728 cubic ins:her_ a 1 cubic foot

27 cubic feet a 1 cubic yard

LIWID MEASURE

2 cups = 1 pint 4 quarts = 1 gallon

2 pints = 1 quart 1 gallon a 231 cubic inches

AVOIRDUPOIS WEIGHT

16 ounces = 1 pound 2000 pounds = 1 ton

TIME

60 seconds = 1 minute 7 days = 1 week

60 minutes = 1 hour 52 weeks . 1 year (approx.)

24 hours = 1 day

MISCELLANEOUS

1 acre . 40 yards by 120 yarcis (approx.)

1 cord = 128 cubic feet

1 hand = 4 inches

1 furlong 40 rods 220 yards
1

1 cubic foot . about 7- mallons2

1 mile
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A SHORT TABLE OF PRIME NUMBERS

2 53 127 199 283 383 467 577
3 59 131 211 293 369 479 587

5 61 137 223 307 397 487 593

7 67 139 227 311 401 491 599

11 71 149 229 313 409 499 601

13 73 151 233 317 419 503 607

17 79 157 239 331 421 509 613

19 83 163 241 337 431 521 617

23 89 167 251 347 433 523 619

29 97 173 257 349 439 341 631

31 101 .179 263 353 443 547. 641

37 103 181 269 359 449 557 643

41 107 191 271 367 457 563 647

43 109 193 277 373 461 569 653

47 113 197 281 379 463 571 659

A prime number is one that has exactly two different factors.

For example:

5 1 .5

31 . 1 31

73
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1

7

The following are some divisibility rules for numbers

expressed in the decimal system. You will find these vyry

useful in the work to come. After we go over these'rules in

class, ieti_l_111y_gk_k_mourtablegtteackbur
of Tour binder.

DIVISIBILITY RULES

2: A number is divisible by 2 if the digit in the ones place

is a 0, 2, 4, 6, or 8.

Example: 35796 is divisible by 2 because there is a

in the ones place.

3: A number is divisible by 3 if the sum of the digits is

divisible by 3.

Example: 3,654 is divisible by 3 because 3 + 6 + 5 + 4 is 1.82

and 18 isliivisible by 3.

5: A number is divisible by 5 if there is a 5 or a 0 in the

ones place.

9: A number is divisible by 9 if the sum of the digits is

divisible by 9.

Example: 2,106 is divisible by 9 because 2 + 1 + 0 + 6 a 9$

and 9 is divisible by 9.

1111,011,10



COMPLETE FACTORIZATION TABLE

2 = prime

3 it prime

4 = 2 2

5 = nrima

6 2 3

7 se prime

8 = 2 2 2

9 = 3 3

10 = 2 5

11 = prime

12 . 2 2 3

13 prime

14 2 7

15 = 3 5

16 = 2 2

17 a prime

18 = 2 3

19 = prime

20 = 2 2

21 3 7

22 2 11

23 prime

24 a 2 2

25 a 5 5

26 = 2 13

27 = 3 3

28 = 2 2

29 a prime

30 = 2 3

31 a prime

32 2 2

33 a 3 11

34 = 2 17

35 = 5 7

36 = 2 2

37 es prime

38 = 2 19

39 = 3 13

40 = 2 2

3

2

3

7

41 = prime

42 a 2 3

43 = prime

44 = 2 2 .

45 = 3 3

46 2 23

47 prime

48 2 2

49 a 7 .7

502. 5
51 = 3 17

52 = 2 2

7

11

5

2

5

13

2 3

53 a prime

54 = 2 3

55 5 11

56 = 2 2

57 = 3 19

58 = 2 29

59 = prime

60 a 2 2

61 = prime

62 = 2 31

63 ='3 3

64 a 2 2

65 = 5 13

8

3

2

3

7

2

3

7

5

2 2 2

66 2 3 11

67 a prime

17

7

2 3 3

5

19

13

2

3

2

2

3

5

2

68 a 2 2

69 3 23

70 a 2 5 .

71 = prime

72 = 2 2

73 , prime

74 = 2 37

75 = 3 5

76 = 2 2

77 = 7 11

78 a 2 3

79 a prime
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MULTIPLE CONGRUENT NUMBER LINES

1

2 2

0 1
3 3

0 2
4 4 4

0,..1.
2
3

2
2

3

0
8

2
9

8

2
9

8

14.

9

o
10 10 10 10

4
4 4"5

4
6 6

6 2 8
8 8 8

9 9 9 9 9

10 10 10 10 10 10 10

O 1 2 4
12 12 12 12 12

_2 6 _2 ,..11 _2 10 11 12

12 12 12 12 12 12 -12 12

O 1 2 4 _5 6 16 11 3.4-47-1,"""2

15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

--46-14tt/-11.72 ...ib171----22-115-1371 3:4

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16

O 1 2 4 6 _2 8 _2 10 11 12 11 14 15 16 12 18 12.20

20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20

76



TABLE OF DECIMAL EQUIVALENT$

2

= .333333
3

.25

1 m .166666

1 mg. .142857
7

1 .125

1 .1111111

.1

.090909

.047619
21 Is

1
22 211

.0454545

1
s .0434783

1
24 .0416667

1
25 = .04

1
.0384615

26

1
27 a, .037037

1
= .0357143

1
= .0344828

35 is .0333333

A 0 .083333 1
31 .

1 0 0769231 '1

13 32"a

1
_1 m .0714286 1
4 33

.1 s .0866667 1

i$ 34 a

-1 = .0625 1

16 35

.1 = .0588235 1

17

.1 = .0555556 1

18 37

.1 a .0526316 1

19 38

.1 = .05
20

36a

1
39s

77

.0322581

.03125

.030303

.0294118

.0285714

.0277778

.0270270

.0263158

.0256410

10



1
40

1
41

1
42

1
43

.1
44

.. .025

a .0243902

w .0238095

li .0232558

a .0227273

.0222222

.0217391

a. .0212766

a .0208333

1
47

1
48

1
49

1
50

1
51

1
52

1
53

'154 a 90185185

1 a .0181818

13g. a .0178571

1
a .0175439

.131-3 a .0172414

a

a

s.

a

5

.0204082

.02

.0196078

.0192308

.0188679

78

i
59

1
60

1
61

1
62

1
63

1
64

1
65

1
66

1
67

a .0169492

: .0166667

a .0163934

a .0161290

a .0158730

a .015625

a .0153846

a .0151515

a .0149254

1
a .0147059

_:.i.
72

j..
73

.2
74

1.
75

.2.
76

..2...

77

.0144928

.0142857

.0140845

a .0138889

n .0136986

a .0135135

a .0133333

. .0131579

- .0129870



-

-

12

1

rk g

1

92 a

95 a

.0128205

.0126582

.0125

0123457

.0121951

0120482

.0119048

.0117647

.0116279

.0114943

.011.3636

.0112360

.0111111

.0109890

.0108696

.0107527

.0106383

.0105263

gl - .0104167

0 al 0103093

912 = 0102041

...1. - .0101010
99

--1boo a oi

-

79
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PLACE VALUE CHART

Hundred 10.10.10.10.10
thousand or 10.10,000 105 100,000

Ten 10.10.10.10
thousand or 10.1,000 10

4 10,000

Thousand 10.10.10
or 10.100 103 1,000

Hundred 10.10 10
2 100

1
Ten 10.1 10 10

0
One 1 10 1

Tenth 1 1

10 10
1 0.1

Hundredth 1 or .....1_ 1

1b5 10.10 10
2 0.01

Thousandth 1 or 1 1 1

17-6607 TO 100 103
0.001

Ten-
thousandth 1 or 1 1 1

10,000 10 1767675 10
4

Hundred-
thousandth 1 or

100,000

1
IrcoN5

decimal

435.268

f
whole number places decimal point

105

0.0001

0.00001

decimal places

(Note: be sure this table is placed with your other tables at

the back of your binder.)
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APPENDIX 3

COMMENTS BY TEACHERS*

(Experimental Group)

1. No one is more enthusiastic about the program than I am, among the

teaching group. I have no criticism of anything of the content. Where one

group may need more drill (examples) concerning any given operation, the

teacher can contrive more. Where there are more than necessary, the remainder

oan be used for games or competition in the group. I can't see cutting or

adding on the basis of the needs of one class.

I don't,knaw how my pupils did compared to the rest, but in acceptance

and enthusiasm they were, in my opiniOn, very high. Their formal opinion

inventories may prove me wrong but I'd be very much amazed to learn that.

2. This past year of work with this selected group of underachievers has

been a very fine experience. The group came to me in September as a collection

of disinterested, disorganized, and ignorant students who couldn't care less

whether I or anyone else taught them any area of mathematics. Their attention

span, at best, was a few minutes.

At first they Imre somewhat disgruntled about not having a regular text-

book, but after several weeks of working on the individual sheets with some

degree of success, the textbook: prOblen resolved itself.

After about one month of the program the students were asked if any of

them felt that they would rather transfer out of the program and into a

regular mathematics class. Without exception, they all wished to remain in

the program. As the year progressed, the students' attention span increased

and the majority of them showed increasing interest in the worksheets being

covered.

About one-third of the way through the year, I was asked to accept a

student who was becoming a real problem in another teacher's class. His work

was very poor and he was simply making a general nuisance of himself. The

interest and response of this boy was amazing. He experienced success

These comments appear in a random permutation of the order in which the
teachers are listed in Appendix 1.
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immediately and before long excelled over the entire class where he remained

the rest of tbe year.

I believe, the way in which the program was written, the way concepts

were developed simply and sequentially, and the fact that students were

afforded success as they went along, all contributed toward a very worthwhile

experience, both for students and teacher.

Other teachers on the faculty who got glitpses of parts of the materials

were very favorably impressed. Their usual question was, "Where can I get

my hands on this material?"

Parents were enthused about the program and expressed appreciation for

having their children receive this special consideration.

3. First, I must say that I was delighted to be able to use the material

and be a part of the SMSG program this past school year. It is much more

interesting tome as a teacher than the usual textbook material. I hope, of

course, that same of my enthusiasm rubbed off on the students but one can

never be sure of matters of that kind. I do know that there are several

students in the class who worked hard to do as directed by the material and

put all they had into understanding the concepts involved. In every case

where the student was motivated to learn I feel confident that they received

great value for their efforts.

Unfortunately there were a few who coUld not be motivated and who were

not benefited inthe least. Ehch of the children in this category seemed to

have something bothering them beyond just being behind grade level in math.

The ones that were benefited covered a wide range of abilities and had

varied backgrounds. In Some cases I have heard them talking about math to

other students on the school grounds and this in itself seems significant

to me.

4. MY personal opinion of the program was that it Tg a grat success in my

classroom. I am comparing this year's low achieving class with the one I had

two years ago. I saw a great difference. MY first class did not have the

suitable work for their level and this resulted in having more discipline

problems and a continuing dislike for math. The material for this year's

group was better suited for their level. Many of the lessons could have had

a few more problems added to them. This should be done for those students

who finished before others.
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my main objective was to change the attitude of the students; many of

them came to me with a dislike and fear Jf math. It was felt on the part of

both myself and the students that from the experiences we had that this

negative attitude was changed to a more positive one.

At times the students felt the lessons were too easy but this was due

to past knowledge of the material. I therefore reacted by gtving a few more

challenging problems.

One thing that I learned fromworking with the low achiever was that

each student needs a great deal of individual attention and he also needs to

experience a feeling of success and accomplishment.

I am looking forward to continuing this project next semester.

5. In general I believe the program is proving to be a success. For some

reason the make-up of my class was nct as I expected. Nine of the students

had severe reading problems, so much so that they missed class one day each

week for most of the year in order to attend a special remedial reading clinic.

Also, ten of the students attended a core class which is for the very poorest

students in the seventh grade.

For the above reasons, at least I believe these to be the main reasons,

the class did not improve as much as I had hoped. However, some of the

students that were of the type that the programwas to be for have shaWn very

good improvement.

I think the greatest improvement has been in attitude toward the subject.

Almost every student has indicated that they like math more naw than they did

before.

While the status of the program for next year was in doubt, I had

students ask if they would be in the same kind of class next year. I indicated

that there was some question as to wtether or not the program would continue;

when they heard this, they responded with genuine disappointment. Likewise,

when they were informed that they would be in the program next year, they

were quite happy.

Other teachers in the district have heard of the program and have shown

an interest in it. At a district meeting of junior high math teachers I was

asked to descrfbe the program. Several teachers were interested in using

this as a district program for underachievers in mathematics. This possibility

might be of some interest to you and your staff.
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6. In evaluating this project I would like to begin by citing the reactions

of several groups who mere directly or indirectly connected with the program

at my school.

The first of these groups are the parents of the students involved. In

each and every case of parent-teacher contact (which was about 70 percent of

the students' parents) there was, upon explaining the project program,

immediate interest and overwhelming cooperation expressed by the parents.

The second of the groups was the other subject-matt-a' teachers of my

students, who upon more than one occasio:. asked, "Why and/or how does Johnny

get B's and Als in math and not in my class?" In view tme past background

of my students, a mnst rewarding question.

The last and most important of the groups is the students themselves.

In watching the enthusiasm, interest, and achievement shown throughout the

year by the students, I found in most cases it was very hard to understand

their grade school mathematics careers.

Perhaps more significant was their desire to continue in the program

next year. Their relief and pleasure upon hearing this*wasto be the case

was very evident. Undoubtedly part of this can be attributed to their

identifying with the teacher, but I am sure a very great deal of this feeling

is directly related to the program itself.

Finally, I would like to dwell somewhat on my personal reaction to the

program. Having taught several "law" mathematics classes before, both in

traaitional and SMSG form, I must admit that perhaps I was somewhat skeptical

in first approaching this class. However, I soon found that if I was

skeptical the students were not, and with their increasing enthusiasm I found

myself looking forward to each day of working with them.

It has been a very learning experience, both for the students and myself.

Particularly in terms of understanding the spiral curricUlum approach, and in

discovering that slowing down for a difficult subject area did not help student

learning processes. In fact, for overall achievement it was better to maintain

an average speed for all units, with student understandings or learning being

higher because of the spiral approach.

As for the students, I am convinced that this is an excellent approach

in working with this type of underachiever; judging from m7 student's progress

and reactions, I am sure they would agree.
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7. I must admit I had a great many doUbts as to the degree of success, if

any, this new program might enjoy.

Previous to teaching this class, I had felt that whether a student liked

or disliked mathematics, or myself, was perfectly irrelevant. I almost knew

it made little difference. I believed I cOu1d teach mathematics to the

studentS who liked or disliked math or myself with the same degree of success,

if any,

I was also a firm believer in very strict discipline. ,In other words,

I believed that the relationship between student and teacher should be more

formai than otherwise.

To my surprise the class did extremely well. Unlike other classes of

this level they showed much enthusiasm. They also appeared to enjoy the

class very much.

From past experiences I knew classes of this leVel did well to simply

get their bodies to class with a pencil. I don't believe I've had any one

student forget to bring his supplies (pencil, notebook and sometimes homework)

to class more than 3 or 4 times through the whole year. Because a great many

students in this class seemed to do well only in math, I found myself at a

loss for words when teachers of these students would come to me to ask why

this particular student did so poorly in their classes, but so well in mine.

All I could tell them, without offending them, was a rather brief explanation

of the program.

On numerous occasions I've had parents come to me to express their

surprise at the enthusiasm which their children were shawing in math this

year.

An incident which, to me, exemplifies the general feeling of each student

in this class is as follows: A boy in my class was having difficulty in a few-

of his other classes. When the counselor suggested a change of schedule

which necessitated his removal fran this math class, he told the counselor,

"If I have to change math classes, I don't want my schedule changed."

Because of the great success of the program (in my opinion) I find myself

a little confused.

I feel I must sit down and re-evaluate my philosophy as a teacher. I

know, because of this year's experience with this special class, I will become

a much more effective teacher next year.
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8. All in all I felt this was a most successful year for almost all the

children in this special class. It was somewhat of a struggle to get some

of them to use their addition and multiplication tables. Once they got used

to them they really started making progress because they started getting more

Drdblems correct and most began then to take a little pride.in their work.

I found that they needed constant bolstering as to the effect that they were

covering seventh grade work and that they were not stupid. I'found that the

better the self-concept the better they did in math.

All except two of the childrenst parents were represented at the open

house at the beginning of the year. They were very pleased with the idea of

the program and several felt this type of class should have been available at

an earlier age.

I met with all the parents individually in May and we discussed their

child's progress in the program. They were all most flattering to the program.

They all felt their child either liked math or did not complain about it.

Trney all wanted their children to participate in the program next year. One

father even voluntred to'write a letter to the people in charge if it would

do any good.

The boy who was the most negative at the beginning of the year turned

out to be one of the most positive students. His parents were certainly

pleased and had noticed his improvement at home.

The counselor talked to almost all the students in the class at one time

or another during the year and found a surprising number liked math class

best of all. They didn't think it was any noisier than any other class.

(This is not my opinion.)

I would say every child got so that they would volunteer information.

Of course some were much more enthusiastic than others. It was a wonderful

experience to teach this class and I feel I learned a great deal myself.

9. In trying to evaluate working with this SMSG paDgram during this year

I keep coming up with one idea. It was exc1' L4g. The students enjoyed the

program and I enjoyed working with them.

Initially, I was apprehensive. I am not a mathematics teacher, having

taught only one year of mathematics and not really doing too well at that.

I thought the program sounded interesting and would be a challenge. It was

both.
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.I_found the students nice but not very eager, as far as mathematics was

concerned. They were pleased nct to have mathematics books but not sure

about the whole approach. They became interested in the Program quickly and

never reverted to the way:they felt in September;

The parents seemed grateful that their children were chosen_for special

help. None of the 18 parents that I met objected to the program. One parent

considered riot allawing his child to stay in the Program but wten it was

explained to him he was most enthusiastic. Another father told MB this was

the first time he felt his daughter had a chance to be helped and that-,he

wished' he had had something like this when he wa6 in school. As I saW the'

parents through the year they were qUite pleased and encouragedabout the

progress of their children.

The students thrived on their success in the program and not feeling

stupid. They were cooperative, lively and worked well. This carried over

into other classes in some cases. One girl was moved into a high English
,

class_and high social studies class during the year. She was my top student

and did,very well in all her classes. There were a, few students who did well

in mathematics but did poorly in their other classes. Success in mathematics

was a point of pride with these students. They were sUcCessful in something

and it was important to them. One boy has decided to teach mathematics when

he grows up. He had gotten nothing but Dis before this year. He may riot

have the ability to get through college--but naw he think's he might try.

The other mathematics teachers at my school can probably judge the pro-

gram more objectively than I can. One of them feels that the program is so

valuable that he would like to use it for his low seventh grade classes next
,

year. He sees success in the way the students react to mathematics as well

as their achievement.

As the students became more interested in the work, had.some success and

relaxed, discipline was no problem. Same of the students are very immature,
s.

but all of them responded to classroom control very well. ,I had no real

behavior problems though some of the students had trouble in other classes

and on the school grounds. I treated them a6 though they were trristworthy

and I expected them to behave well. At first this was not always the Case,

but by the end of the year they behaved as I expected most of the time.

Beside being a very good year as far as the students were concerned,

I have enjoyed this year for personal reasons. I am more aware of the scope

of mathematics, the pleasures it can provide and the stimulation of teaching
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a class in MSG. I appreciate being selected to'participate in this program

and I am looking fon/9,rd to next'year.

10. Materials: Generally well_laid out. Appropriate simple terminolo&l.

ANerage instructor should be able to make them useful to youngsters withwhom

we are working. Suggest that more brainbuster type examples be pxovided at

end of each unit and that each daily assignment include at least one brain-

buster type problem.

Student Reaction: Youngsters ;felt good all through the year about being

part of this program. They felt,it was prestigious to be studying "new math"

just,as other youngsters in high level classes were'doing. Faster youngsters

registered impatience, sometimes overtly, when other_youngsters required a

fuller explanation of a concept than was stated in the materials. Most_

students wanted to supplement work with mathematics games and voluntarily
.

.

provided their aWn from bOoka they had at home or found in libraries. *the
,

end oi!.the year one could generally say that many of. the "duli"-had Seen a

little more tO meth than they ever had before. But, one woad also have

observed that,the "faster" Students had beCame bored almost to the point of

impatience. However, planning ahead by the instructor to avert this latter
,

phenomenon could well be done.

_Faculty Reaction: Teachers: were generally ,supportive in philosophy, but

few took the troUble to find out what was really going on. Those who_ did,,so

showed guarded inq-3.rest but did follow up with inquiries on activities and

progress from time to time. Instructors in the math department were actively

supportive and made frequent imquiries and eXpressed hope that Similar-naterials

would be made *available to them in the near future.

Administrative Reaction: The principal was very supportive, philosophi-

cally and actively. He asked.for a short report at a faculty meeting and
.

followed it up with references to what we are trying co do at other faculty
_

gatherings. He also visited the class while in session and made a point of

discussing the prOgram fram time to time.

In.conclusion, the outstanding weakness of the,program is the inadequate

treatment of the material by the various instructors, such,as myself,- who

"forgot" the main thesis of one-lesson-one-day and "dragged" the students

through concepts just as if they were conducting a conventional math class.

By t1 . last two quarters that practice had dropped entirely.
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- t

The outstanding strength of the program is the ready accessibility of

functional easy-to-use materials.

Thank you for the opportunity_of working with, this_experimental program.

Tt has changed ny deliveries and techniques in other classes as well and

provided me with tools for the best year I have enjoyed in edu-C4tion yet.
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SM1

SM2

SM3

APPENDIX 4

SCALE DESCRIPTIONS -- SMSG MATHEMATICS INVENTORY, l'ORM SC

Whole Number Structure 1 (6 items; 4 minutes) This scale

is designed to measure knowledge of basic properties such as

commutativity, associativity, distributivity, and inverse

elements with respect to addition and mmltiplication of whole

numbers.

EXAMPLE: 3 X 26 = (3 x ) + (3 X 6)

(A) 2 (1) 6 (C) 20 (D) 26 (E) None of these

Qpen Sentences-Operations 1 (6 items; 2 minutes) This scale is

intended to measure ability to identify the operationwhich must

be performed in order to find the missing number.

EXAMPLE: 23 X 51 = (A) add

(B) subtract

(C) multiply

(D) divide

Rationals-Non-Computation (11 items) This scale is intended

to mes:sure ability to convert rational numbers from one form

to another and to make a routine application of knowledge about

the rational numbers in solving a problem.

72 7 2 1
EXAMPLE: equals: (A) + (D) 71

5 5 5 5

(E) 7 +

SM4 Whole Numbers 1 (9 items) This scale is intended to measure

understanding of notation and terminology of whole numbers and

ability to perform specified operations.

EXAMPLE: The sum of the three numbers 1,125 , 718 , and

1,090 is: (A) 1,952

(B) 2,823

(C) 2)933
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(D) 3,933

(E) 9,395



SM5 Geametry 1 (4 items) This scale is designed to measure under-

standing of geametric relationships.

EXAMPLE: A straight line and a triangle CANNOT intersect in

(A) exactly 0 points.

0E0 exactly 1- points.

(C) exactly 2 points.

(D) exactly 3 points.

(B) an unlimited number of points.

SCALE DESCRIPTIMS SMSG OPINICN INVENTORY, worm

AT1 Mathematics vs.. Non-Mathematics (8 items) This scale is designed

to measure bow well a student likei mathematics and considers it

important in relation to other school subjects.

I like story books than mathematics books.

(A) a lot more

(I) a little more

(C) a little less

(D) a lot less

AT2 Mathematics Fun vs. Dull (4 items) This scale is designed to

measure the pleasure or boredom a student experiences with regard

to mathematics both in an absolute sense and comparatively with
other stibjects.

Mathematics is fun.

(A) strongly agree (D) disagree

(P) agree

(C) don't know

(E) strongly disagree

AT3 Pro-Mathematics Composite (11 items) The scale is designed to

measure general attitude toward mathematics. It is an overall

scale including items drawn from scale's AT11 AT21 and AT4 and

other items not used in these scales.

I can get along perfectly well in everyday life without

mathematics.

(A) strongly agree (D) disagree

(B) agree (E) strongly disagree

(C) dontt know
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AT4 Mathematics Easy vs. Hard (9 items). This scale is designed to

measure the ease or difficulty which a student associates with

mathematics performance.

No matter how hard I try, I cannot understand mathematics.

(A) strongly agree (D) disagree

(B) agree (E) strongly disagree

(C) don't know

AT5 Ideal Nhthematics Self-Concert (8 items ) This scale is designed

to measure how a child vishes he were in his relationship to

mathematics.

I wish it were easier for me to talk in front of my

mathematics class.

(A) strongly agree (D) mildly disagree

(B) agree (E) disagree

(C) mildly agree (F) strongly disagree

AT6 Facilitating Anxiety 1 (9 items) This scale is designed to

measure the degree to which mathematics achievement performance

is facilitated by stressful conditions (e.g., examinations).

I keep my mathematics grades up mainly by doing well

on the big tests ratlier than on homework and quizzes.

(A) always

(E) usually

(C) sometimes

(D) hardly ever,

(E) never

A57 Debilitating Anxiety 1 (10 items) This scale is designed to

measure the degree to which mathematics achievement performance

is harmed by stressful conditions (e.g., examdnations).

When I have been doing poorly in mathematics, my fear of

a bad grade keeps me from doing my best.

(A.) never

(B) hardly ever

(C) sometimes
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AT8 Actual Mathematics Sell Conce_pt (8 items) This scale is designed

to measure how a child sees himself in relation to mathematics.

I find it hard to talk in front of my mathematics class.

(A) strongly agree

(B) agree

(C) mildly agree
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(E) mildly disagree

(E) disagree

CO strongly disagree
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APPENDIX 6

INITIAL MEASURES BY GROUPS

SEX
*

I.Q.

COMP."

-x-*
APPL.

=MENTAL (N=235)

5t. S.D.

1.49 0.50

100.83 10.67

1+5.86 10.05

54.-05 13.49

g

1.50

101.89

46.72

56.5o

CONTROL (N=116)

.s.D.

0.50

11.66

9.99

13.92

SMSG 1 2.08 1.58 2.30 1.53

SMSG 2 3.35 1.81 3.41 1.99

SMSG 3 1.66 1.30 1.86 1.4
MEG 4 3.56 1.74 3.83 1.88

SMSG 5 0.73 0.83 0.71 0.83

ATT. 1 20.39 4.40 19.91 5.76

ATT. 2 13 .17 4.21 13.09 4.39

ATT. 3 33.56 5.40 31.76 6.79

ATT. 4 24.68 6.03 24-.31 6.78

ATT. 5 35.51 5.64 34.48 6.83

ATT. 6 24.77 5.1+6 24.68 6.29

ATT. 7 29.79 6.61 29.00 7.1+3

ATT. 8 27.85 6.34 28.54 7.46

DAYS ABS. 8.38 7.30 6.86 6.64

UNITS COVERED 12.79 2.85 15.74 3.06

* Boy = 1 Girl = 2

** These scores have been multiplied. by 10 for progrnmaing purposes.
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APPENDIX 7

ANALYSIS OF VARIANCE - - INITIAL SCORES

ONIVARIATS ANOVA ON -- SEX

*******************t**************************************
SOURCE OF
VARIATION

BETWEEN
IITHIN

TOTAL

SS

Aop
79.00

79.00

OF

1

314

315

MS

.00

.25
.00

********************44************************************

VN1-VARIATE ANOVA ON -- STUDENT IQ

**************************************A*******************
SOURCE OF
VARIATION SS OF MS

**************************************4*******************

BETWEEN
WITHIN

TOTAL

74.85
37873.18

37948.03

1

314

315

74.85
120.62

.62

1/400****************14*****A*******************************

UNI VAR I ATE ANOVA ON -- PRE COMP

**********************************************************
SOURC E OF
VARIA T /ON S S OF MS

**********************************************************
BETWEEN 49.00 1 49.00 * 48

WITHIN 34566.31 341 101.37

TOTAL 34615.30 342

**********************************************************
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UNIVARIATE ANOVA ON -- PRE APPL

**************#*******************************************
SOURCE OF
VARIATION SS DF MS
**********#***#*****************************************,**

BETWEEN
WITHIN

TOTAL

376.77
63677.87

64054.65

1

341

342

376.77-
186.74-

2.02

UNIVARIATE ANOVA ON --,-,PRE-SMSG 1

####A4c***####*****A*************************************#
SOURCE OF
VARIATLON SS DF MS

*****************#**************************************

BETWEEN,
-WITHIN

TOTAL

2.47
833.72

836.19

1
.'341

342

-2.47:,
,2.44 -

1.01

UNIVARIATE ANOVA ON -- PRE-SMSG 2

**********************************************************
SOURCE OF
VARIATION SS DF MS
***********************3k**********************************

BETWEEN
WITHIN

TOTAL

.44
1208.29

1208.73

1

341

342

.44
3.54

.12

******04**4*****.******************************************
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UNIVARIATE ANOVA ON PRE-SMSG 3

**********************************************************
SOURCE OF
VARIATION SS DF MS
**********************************************************

BETWEEN
'WITHIN

TOTAL

3.19
'621.25

624.44

1

341

342

'3.19
1.82

1.75

**********************************************************

UNIVARIATE ANOVA ON PRE-SMSG 4

*********************************************i************
SOURCE OF
VARIATION SS OF MS F

******#************#**************************************

BETWEEN 3.90 1 .3.90 1.22

WITHIN 1092455 341

TOTAL 1096.44 '342

UNIVARIATE ANOVA ON PRE-SMSG 5

**********************************************************
SOURCE OF
VARIATION SS DF MS
**********************************************************

BETWEEN
WITHIN

TOTAL

.02
237.77

231.78

1

.341

342

.02

.70
.02

**********************************************************

UNIVARIATE ANOVA ON -- PRE-ATTI 1

0*********************************************************
SOURCE OF
VARIATION SS DF MS
**********************************************************

BETWEEN
WITHIN

TOTAL

17.30
8156.70

8174.00

1

341

342

17.30
73.92

.72

**********************************************************
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UNIVARIATE ANOVA ON -- PREATTI 2

#44A***********************************************Ac*****
SOURCE OF
VARIATION cc OF MS F

#*****#**************************************************

BETWEEN
WITHIN

TOTAL

.33
6196.73

6197.06,

1

341

342

.33
18.17

.02

**********************************************************

UNIVARIATE ANOVA ON -- PREATTI 3-

******#******************************************14*#*****
SOURCE OF
VARIATION SS OF MS .

******#********************************#******************

BETWEEN
WITHIN

TOTAL

247.89
12018.14

12266.03

1

34t

342

247.89
15.24

7.03

******#*******#*****#*************************************

UNIVARIATE ANOVA ON PREATTI 4

***A**xs*******#*****************,**************************
SOURCE OF
VARIATION SS OF MS

**********************************************************

BETWEEN
WITHIN

TOTAL

11.19
13185.67

11196.86

1

341

342

11.19
18.67

.29

*****************************44***************************

UNIVARIATE ANOVA ON -- PREATTI 5

SOURCE OF
VARIATION SS OF MS
it*********************************************************

BETWEEN
WITHIN

TOTAL

93.97
12196.03

12290.00

1

341

342

93.97
15.77

2.63

**************4*******************************************
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UNIVARIATE ANOVA ON -- PRE-ATTI 6

******#***************************************************
SOURCE OF
VARIATION SS OF MS
**********************************************************

BETWEEN
WITHIN

TOTAL

4.10
10260.90

10265.00

1

341

342

4.10-
30.09

.14

**********************************************************

UNIVARIATE ANOVA ON -- PRE-ATTI 7

**********************************************************
SOURCE OF
VARIATION SS OF MS
**********************************************************

BETWEEN
WITHIN

TOTAL

65.76
15340.64

15406.40

1

341

342

65.76
44.99

1.46

**************#*******************************************

UNIVARTATE ANOVA ON -- PRE-ATTI 8

**********************************************************
SOURCE OF
VARIATION SS OF MS
**********************************************************

BETWEEN
WITHIN

TOTAL

36.02
15444.01

15480.03

1

341

342

36.02
45.29

.80

**********************************************************

UNIVARIATE ANOVA ON -- DAYS ASS

01*********************************************************
SOORCE OF
VARIATION SS OF MS
******************************4414****0*******************

SEIWEEN
WITHIN

TOTAL

137.31
15705.38

15842.69

1

314

315

i7.11.
50.02

2.75

****************#*****************************************
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UN I VAR IATE ANOVA ON -- UNITS CVRD

**********************************************************
SOURCE CF
VARIATION SS DF MS F

**********************************************************

BETWEEN
WI THIN

TOTAL

612.60
2876.28

3488.89

1

341

342

612.60
8.43

72.63

**********************************************************
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AMIDE( 9

AMU.= OF CMARMICT SMSGBCALES

DEPENDENT VARIABLE -- POS-SMSG 1

***********************************,************,***********

RAW SCORE REGRESSION WEIGHTS

UNITS STUDEN OAYS A PRE-SM PRE-SM PRE=SM PRE-SM

GROUP 1 .060 .023 -.009 .362 .012 .107 .027

GROUP 2 C75 .005 -.002 .435 .035 -.030 .167

POOLEC .069 .016 -.008 .381 .033 .064 .066

TOTAL .001 .016 -.001 .360 .042 .058 .085

************************************************************

PRE-SM RSQ

-.043 .271 .521 9.634

-.180 .256 .506 3.744

-.087 .256 .506 13.031

-.072 .215 464 10.383

TEST OF THE WOTHESIS OF HOMOGENEITY OF REGRESSION

F = .503 WITH 8 AND 294 DEGREES OF FREEDOM.
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ANALYSIS OF COVARIANCE

************************************************************

SOURCE CF VARIATION ADJ. SS OF ADJ. MS

REGRESSION 178.384 8. 22.298 11.312

TREATMENT MEANS 63.225 1. 63.225 32.075

HETEROGENEITY
OF REGRESSIGN 7.934 8. .992 .503

ERROR 579.531 294. 1.971

TOTAL 829.074 311

DEPENDENT VARIABLE - POSSMSG 2

************************************************************

RAW SCORE REGRESSION WEIGHTS

UNITS STUOEN OAYS A PRESM PRESM PRESM PRESM

GROUP 1 .103 .016 .034 .064 .206 .188 .082

GROUP 2 .163 .012 .060 .284 .493 .251 .127

POOLED .126 .011 -.036 .014 .295 .191 .098

TOTAL oC62 .011 .030 .034 .303 .285 .115

************************************************************

PRESM RSQ R F

.255 .189 .435 6.046

.045 .264 .514 3.909

0172 .197 .444 9.309
.158 .168 .410 7.670
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TEST OF 'ME hYPOTHESIS OF HOMOGENEITY OF REGRESSION

F = .991 WITH 8 AND 294 DEGREES OF FREEDOM.

ANALYSIS OF COVARIANCE

SOURCE CF VARIATION ADJ. SS OF ADJ. MS F

************************************************************

REGRESSION 218.991 8. 27.374 8.058

TREATMENT MEANS 55.732 1. 55.732 16.405

HETEROGENEITY
OF REGRESSICN 26.921 8. 3.365 .991

ERROR 998.805 294. 3.397

TOTAL 1300.449 311.
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DEPENDENT VARIABLE POS-SMSG 3

************************************************************

RAW SCORE REGRESSION WEIGHTS

UNITS STUDEN DAYS A PRESM PRESM PRESM PRESM

GROUP 1 C66 .022 .014 .121 .124 .450 .088
GROUP 2 .191 .030 -.-.027 .251 .063 .248 .076

POOLED .113 .026 .019 .154 .067 .365 .073
TOTAL .103 .026 .018 .151 .068 .364 .076

*****************************************I******************

PRESM RSQ R F

.086 .309 .556 11.569
.218 .209 .458 2.879

.014 .250 .500 12.650

.012 .253 .503 12.800

TEST OF THE hYPOTHESIS OF HOMOGENEITY OF REGRESSION

F . 1.307 WITH 8 AND 294 DEGREES OF FREEDOM.

ANALYSIS OF COVARIANCE ,

************************************************************

SOURCE CF VARIATION ADJ. SS OF ADJ. MS F

************************************************************

REGRESSION 261.144 8. 32.643 12.885

TREATMENT MEANS 1.411 1. 1.411 .557
HETEROGENEITY
OF REGRESSICN 26.483 8. 3.310 1.307

ERROR 744.804 294. 2.533

TOTAL 1033°843 311.
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DEPENDENT VARIABLE POSSMSG 4

************************************************************

RAW SURE REGRESSION WEIGHTS

UNITS STUDEN DAYS A PRESM PRESN PRESM PRESM

GROUP I .C58 .027 .017 .280 .031 .092 .347

GROUP 2 .165 .035 .094 .016 .218 .167 .300

POOLED .C93 .026 .034 .236 .081 .085 .326

TOTAL .C5k .026 -.030 .223 .087 .081 .337

************************************************************

PRESM RSO R F

.040 .288 .537 10.477

.238 .239 .489 3.422

.092 .249 .499 12.589

.082 .236 .486 11.730

TEST OF THE VtPOTHESIS OF HOMOGENEITY OF REGRESSION

1.019 WITH 6 AND 294 DEGREES OF FREEDOM.

ANALYSIS OF COVARIANCE

************0*******4***************************************

SOURCE OF VARIATION ADJ. SS DF ADJ. MS

REGRESSION 362.509 8. 45.314 11.936

TREATMENT MEANS 23.444 1. 23.444 6.176

HETEROGENEITY
OF REGRESSICN 30.945 8. 3.868 1.019

ERROR 1116.099 294. 3.796

TOTAL 1532.997 311.
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DEPENDENT VARIABLE -- POS-SMSG 5

************************************************************

RAW SCORE REGRESSION WEIGHTS

UNITS STUDEN DAYS A PRESM PRESM PRESM PRESM

GROUP 1 .C12 .004 -.011 .117 .015 .116 .086

GROUP 2 .085 .015 --.018 --.027 .012 .137 -.042

POOLEC .C4I .007 --.011 .081 .004 .107 .047

TOTAL .C35 .007 -.011 .080 .005 .106 .049

************************************************************

PRE-SM RSQ

.144 .227 .477 7.616

.153 .130 .361 1.630

.15, .160 .400 7.198

.156 .159 .398 7.149

TEST OF THE hYPOTHESIS OF HOMOGENEITY OF REGRESSION

F = 1.645 WITH 8 AND 294 DEGREES OF FREEDOM.

ANALYSIS OF COVARIANCE

************************************************************

SOURCE CF VARIATION ADJ. SS OF ADJ. MS

************************************************************

REGRESSION 43.870 8. 5.484 7.263

TREATMENT MEANS .494 1. .494 .655

HETEROGENEITY
OF REGRESSICN 9.935 8. 1.242 1.645

ERROR 221.979 294. .755

TOTAL 276e279 311.
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STEPWISE REGRESSION

1. Dependent Variable -- Post Comp.

Independent Variables Mult. R Mult. R
2

Increase in R
2

Pre Comp. .67 .45 .45

Pre SMSG 4 .72 .51 .o6

Pre Appl. .73 .53 .02

Days Abs. .74 .54 .01

Pre SMSG 1 74 .55 .01

Fte Att 6 .75 .56 .01

2. Dependent Variable -- Post Appl.

Independent Variables Mult. R Mult. R
2

Increase in R
2

Pre Appl. .72 .51 .51

Reading 74 .54 .03

Fte Att 2 .75 .56 .02

Pre SMSG 4 .76 .57 .01

3. Dependent Variable -- Post SMSG 1

Independent Vartables Mult. R Mult. R
2

Increase in R
2

Pre Appl. 43 .18 .18 .

Fte SMSG 1 .50 .25 .07

Reading .53 .28 .03

Fte Att 4 .54 .29 .01

Pre Att 7 .56 .31 .02

4. Dependent Variable -- Pr,st SMSG 2

Independent Variables Mult. R Mult. R
2

Increase in R
2

Pre SMSG 4 .30 .09 .09

Pre SMSG 2 .36 .13 .04

Pre SMSG 3 .40 .16 .03

1 Q .43 .18 .ce
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5. Rep. Variable -- Post smsG 4

Ingeandent Variables Mult. R Mult. R
2

Pre SMSG 4

Reading

Pre SMSU 1

Increase in R

.48 .23 :23

.54 .29 .06

.56 .32 .03
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APPENDIX 11

SAT Scale Score Gains -- Absentees vs. Nbn-absentees

Experimental Groin)

-.bsentees Absentees Difference Direction

, 210 N = .30

Post-Computation 5.79 5.32

Pre-Computation 4.66 4.11

Gain 1.13 1.21 o.o8 A > N

Post-Applications 5.86 6.co

1?re-Applications 5.42 5.57

Gain 0.44 0.33 0.11 A < N

Control Group

Non-absentees Absentees Difference Direction

Br= 110 N = 12

Post-Computation

Pre-Computation

6.49

4.68

6.63

4.55

Gain 1.81 2.08 .27 A > N

Post-Applications 6.29 6.20

Pie-Applications 5.64 21_.."

Gain o.65 0.46 .19 A < N
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